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Abstract of JP2002170993 

PROBLEM TO BE SOLVED: To provide a light 
emitting element in which an emission layer part 
can be grown at a relatively low temperature using a 
small quantity of rare metal and high luminance 
emission can be ensured in blue light region and UV 
region. SOLUTION: The light emitting element 1 
has an emission layer part where a p-type clad layer 
2, an active layer 33 and an n-type clad layer 34 are 
formed sequentially in this order and the p-type clad 
layer 2 comprises a p-type MgxZnl-xO layer 
(0<x<=l). When that layer is formed by MOVPE 
method, missing of oxygen can be suppressed 
effectively during film deposition and a p-type 
MgxZnl-xO layer having good characteristics can 
be obtained. 
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Description of corresponding document: EP 13492 17 



TECHNICAL FIELD 



[0001] This invention relates to a semiconductor-base, light emitting device, in particular to a light 
emitting device suitable for blue light emission or ultraviolet emission, a method of fabricating the s; 
and a visible-light emitting apparatus using an ultraviolet emitting device. 



BACKGROUND ART 



[0002] There have long been demands for high-luminance, light emitting device capable of causing : 
wavelength emission in the blue light region. Such light emitting device has recently realized by usii 
AIGalnN-base materials. Rapid progress has also been made in applying the device to full-color, lig] 
emitting apparatuses or to display apparatuses by combining it with red and green high-luminance, 1: 
emitting devices. 

[0003] Use of the AIGalnN-base material, however, inevitably raises the costs because the material 
contains Ga and In as major components, both of which are relatively rare metals. Another one of m, 
problems of the material is that the growth temperature thereof is as high as 700 to 1 ,000 DEG C, an 
consumes a considerably large amount of energy for the production. This is undesirable not only in t 
of cost reduction, but also in terms of being against the stream of the times where discussions on ene 
saving and suppression of global warming are prevailing. 

[0004] Therefore a subject of the invention is to provide a light emitting device wherein a light emitl 
layer portion thereof is obtainable using a less amount of rare metals, can be grown at relatively low 
temperature, and ensuring high-luminance light emission in the blue light region or further in the 
ultraviolet region, a method of fabricating such device, and a visible-light emitting apparatus using 
semiconductor ultraviolet emitting devices. 



DISCLOSURE OF THE INVENTION 



[0005] As a solution for the aforementioned problem, a light emitting device of the invention has a 1: 
emitting layer portion in which an n-type cladding layer, an active layer and a p-type cladding layer 
stacked in this order, and the p-type cladding layer is composed of a p-type MgxZnl-xO (where, 0<: 
layer. 

[0006] A method of fabricating a light emitting device of the invention is to fabricate the aforementi 
light emitting device, wherein the p-type MgxZnl-xO layer is formed by the metal organic vapor-ph 
epitaxy process. 

[0007] As for light emitting material used for blue-light or ultraviolet emission, ZnO has been know 
possible candidate alternative to AlGalnN. ZnO-base oxide semiconductor material, however, tends 
cause oxygen deficiency and thus intrinsically tends to have an n-type conductivity, so that it has gei 
been assumed as being difficult to make this material have a p-type conductivity which is indispensa 
composing a light emitting device. If a p-type ZnO should be obtained anyhow, it is impossible to ac 
a sufficient barrier height against the p-type carrier at the interface with the active layer since the up] 
energy level of the valence band in ZnO is relatively high, and this may lower the emission efficienc 
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[0008] Thus in the invention, a composite oxide in which a part of Zn in ZnO is substituted with Mg 
is expressed as MgxZnl-xO (0<x</=l : the composite oxide may occasionally be abbreviated as Mg, 
hereinafter, but this never means Mg:Zn:0=l :1 :1) is used as a constituent of the p-type cladding lay< 
MgZnO, the band gap energy Eg of the oxide expands since the upper energy level Ev of the valenc< 
is lowered by the containment of Mg. This increases the barrier height against the p-type carrier at tt 
interface with the active layer, and raises the emission efficiency. 

[0009] To ensure the above-described effect, oxygen-deficiency concentration in the p-type MgxZn] 
layer is preferably reduced to as low as 10/cm<3> or below. It is therefore effective to adopt the met 
organic vapor-phase epitaxy process as a vapor-phase growth process for forming the p-type MgxZn 
layer. Other vapor-phase growth processes such as RF sputtering and molecular beam epitaxy (MBE 
proceeded under a pressure of the growth atmosphere of as low as L33xl0<-2> to 1.33 Pa (10<-4> 1 
2> Torr), so that it is very difficult to prevent the oxygen deficiency from generating, and is thus 
practically impossible to form the p-type MgxZnl-xO layer. On the contrary, in the vapor-phase gro 
based on the MOVPE process, oxygen partial pressure during the growth can arbitrarily be changed, 
that the oxygen disorption and consequent oxygen deficiency can effectively be prevented from occi 
by raising the atmospheric pressure to a certain extent. As a consequence, the p-type MgxZn 1-xO la; 
particular the p-type MgxZn 1-xO layer having an oxygen deficiency concentration of 10/cm<3> or 1 
which could not be attained in the conventional process, can be realized. The lower the oxygen defic 
concentration, the better (that is, not precluded from becoming 0/cm<3>). 

[0010] Japanese Laid-Open Patent Publication No. 1 1-168262 discloses a two-dimensional-array pla 
light emitting apparatus using a light emitting layer portion composed of the AlGalnN-base material 
composed of oxides of Zn and Mg, or alloy thereof. This publication discloses not only an embodim 
which the light emitting layer portion is used as a visible light emitting source, but also a full-color c 
in which the light emitting layer portion is composed as a ultraviolet emitting source so as to allow t 
fluorescent material layers of the individual colors to be excited for light emission by the ultraviolet 
radiation. Japanese Laid-Open Patent Publication No. 1 1-168262, however, only describes that the li 
emitting layer portion composed of oxides of Zn and Mg, or alloy thereof is epitaxially grown on a 
substrate, and no description is made on any constitution of the light emitting layer portion including 
type MgxZnl-xO layer, and any specific method of forming the p-type MgxZnl-xO layer. 

[001 1] By carrying out formation of the p-type MgxZn 1-xO layer based on the MOVPE process in z 
atmosphere conditioned at a pressure of 1.33xl0<3> Pa (10 Torr) or above, oxygen deficiency durin 
film formation can more effectively be prevented from occurring, and the p-type MgxZn 1-xO layer ] 
excellent characteristics can be obtained. In this case, it is more preferable to set the oxygen partial 
pressure (assuming that any oxygen-containing molecules other than 02 are to be included after con 
the contained oxygen into 02) to 1.33xl0<3> Pa (10 Torr) or above. 

[0012] By using such p-type MgxZnl-xO layer as the p-type cladding layer, a light emitting device 
capable of high- luminance light emission in the blue light region or in the ultraviolet region can read 
fabricated. Because the p-type cladding layer does not contain rare metals such as Ga and In as majo 
components, the amount of use of such rare metals in the light emitting layer portion as a whole can 
reduced, and the light emitting device can thus be fabricated at low costs. Since the MgxZnl-xO lay* 
be grown in the vapor phase at relatively low temperatures, the process is also effective in terms of e 
saving. 

[0013] To make the MgxZnl-xO layer as p-type, it is necessary to add an appropriate p-type dopant, 
the p-type dopant, any one or more selected from the group consisting of N, Ga, Al, In, Li, Si, C and 
can be used. Among these, use of in particular N is effective in terms of obtaining desirable p-type 
characteristics. It is also effective to use, as a metal dopant, one or more selected from the group con 
of Ga, Al, In and Li, and particularly Ga. Use of these metals together with N can further ensure 
achievement of the desirable p-type characteristics. Even when Ga or In is used, no problem in cost 
increase or so will arise since the amount of use thereof is extremely small. 
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[0014] To ensure a sufficient level of emission characteristics, p-type carrier concentration of the p-t 
MgxZnl-xO layer is preferably adjusted to lxl0<16>/cm<3> to 8xl0<18>/cm<3>. The p-type carri 
concentration less than lxl0<16>/cm<3> may make it difficult to obtain a sufficient emission lumin 
On the other hand, the p-type carrier concentration exceeding 8xl0<18>/cm<3> makes the amount c 
type carrier to be injected into the active layer excessive, and consequently increases p-type carriers 
does not contribute for light emission by diffusing back to the p-type MgxZnl-xO layer or by enterii 
n-type cladding layer coming over the potential barrier, to thereby degrade the emission efficiency. 

[0015] Next, a visible-light emitting apparatus of the invention has a light emitting device of the invi 
composed as a semiconductor ultraviolet emitting device, that is, a semiconductor ultraviolet emittin 
device having a light-emitting layer portion in which an n-type cladding layer, an active layer and a 
cladding layer are stacked in this order and the p-type cladding layer is composed of a p-type MgxZi 
(where, 0<x</=l) layer, and a fluorescent material which emits visible light as being irradiated by 
ultraviolet radiation from the semiconductor ultraviolet emitting device. 

[0016] Conventionally, fluorescent lamps are widely used as the visible-light emitting apparatus. 
Fluorescent lamps, however, suffer from the drawbacks below: 

the service life comes to the end within a relatively early stage since ultraviolet radiation is generate* 
based on cathode discharge; 

high voltage and large power consumption necessary; 

additional peripheral circuit such as stabilizer and starter necessary; and 

the lamps will be more repelled in the future from the viewpoint of environmental preservation since 
disposal of them will release mercury which has been enclosed as a ultraviolet emission source in th 
tubes. 



[0017] On the contrary, the visible-light emitting apparatus of the invention shows only a small time 
dependent degradation and consequently has a long service life since the semiconductor light emittir 
device is used as a ultraviolet emission source, and can simplify the circuit constitution since the apf 
is capable of continuous light emission if only provided basically with a current supply circuit there! 
Moreover, the apparatus does not need high voltage, and thus causes only a small power consumptic 
virtue of its small resistance loss. The light emitting apparatus can be realized in an ecologically clea 
manner since it does not use any substances such as mercury undesirable from the viewpoint of 
environmental preservation. Use of the light emitting device of the invention as a ultraviolet emitting 
device is advantageous in cost saving, and further energy saving can be achieved by virtue of its hig] 
ultraviolet emission efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a conceptual drawing of the light emitting device of the invention; 
Fig. 2 is a schematic drawing of a crystal structure of MgZnO; 

Fig. 3 is a schematic drawing of an arrangement of the metal ions and oxygen ions of the MgZnO la; 
Fig: 4 is a schematic drawing of a status in which oxygen disorption possibly occurs during formatic 
the MgZnO layer is suppressed by the atmospheric pressure; 

Fig. 5A is a schematic diagram of the MgZnO layer formed as a single crystal layer; 
Fig. 5B is a schematic drawing of the MgZnO layer formed as a c-axis-oriented polycrystal layer; 
Fig. 6 is a schematic sectional view showing a first embodiment of the light emitting device accordii 
the invention; 

Fig. 7 is a schematic sectional view showing a second embodiment of the light emitting device accoi 
to the invention; 
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Fig. 8 A is a schematic band chart of a light emitting device using a junction structure of type-I and t 
band lineups; 

Fig. 8B is a schematic band chart of another light emitting device using a junction structure of type-] 
type-II band lineups; 

Fig. 9A is an explanatory drawing of an exemplary process step for fabricating the light emitting deA 
shown in Fig. 6; 

Fig. 9B is a process drawing as continued from Fig. 9A; 
Fig. 9C is a process drawing as continued from Fig. 9B; 
Fig. 9D is a process drawing as continued from Fig. 9C; 

Fig. 1 OA is an explanatory drawing of an exemplary process step for fabricating the light emitting d* 
shown in Fig. 11; 

Fig. 1 OB is a process drawing as continued from Fig. 10A; 
Fig. IOC is a process drawing as continued from Fig. 10B; 
Fig. 10D is a process drawing as continued from Fig. IOC; 

Fig. 1 1 is a schematic sectional view showing a third embodiment of the light emitting device accorc 
the invention; 

Fig. 12 is a schematic sectional view showing a first modified example of the light emitting device s 
in Fig. 11; 

Fig. 13 is a schematic sectional view showing a second modified example of the light emitting devic 
shown in Fig. 1 1 ; 

Fig. 14 is a schematic sectional view showing a fourth embodiment of the light emitting device acco 
to the invention; 

Fig. 15 is a schematic sectional view similarly showing a fifth embodiment of the light emitting devi 
Fig. 16 is a schematic sectional view similarly showing a sixth embodiment of the light emitting dev 
Fig. 17 is a schematic band chart of a light emitting device using a junction structure of type-I band ] 

Fig. 18A is an explanatory drawing of an exemplary process step for fabricating the light emitting de 
shown in Fig. 16; 

Fig. 1 8B is a process drawing as continued from Fig. 1 8 A; 
Fig. 18C is a process drawing as continued from Fig. 18B; 
Fig. 18D is a process drawing as continued from Fig. 18C; 

Fig. 19A is an explanatory process drawing of an exemplary method of fabricating the light emitting 
device of the invention based on the bonding system; 
Fig. 19B is a process drawing as continued from Fig. 19A; 

Fig. 20A is a drawing for explaining operation of the light emitting device of the invention; 
Fig. 20B is another drawing for explaining operation of the light emitting device of the invention; 
Fig. 21 is a drawing for explaining principle of the visible-light emitting apparatus of the invention; 
Fig. 22 is a schematic sectional view showing a first example of the visible-light emitting apparatus 
composed as a lighting apparatus; 

Fig. 23 is a schematic sectional view similarly showing a second example; 
Fig. 24 is a schematic sectional view similarly showing a third example; 
Fig. 25 is a schematic sectional view similarly showing a fourth example; 

Fig. 26 A is a drawing for explaining a principle of a display apparatus using the visible-light emittin 
apparatus of the invention; 

Fig. 26B is a drawing for explaining the principle as continued from Fig. 26A; 

Fig. 27 is a schematic sectional view showing a seventh embodiment of the light emitting device acc 
to the invention; 

Fig. 28 A is an explanatory drawing of an exemplary process step for fabricating the light emitting dt 
shown in Fig. 27; 

Fig. 28B is a process drawing as continued from Fig. 28A; 

Fig. 29 is a schematic sectional view showing a second example of the visible-light emitting apparat 
composed as a lighting apparatus; 

Fig. 30 is a schematic sectional view showing a third example of the visible-light emitting apparatus 
composed as a lighting apparatus; 

Fig. 31 is a schematic sectional view showing a first example of the visible-light emitting apparatus 
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composed as a display apparatus; and 

Fig. 32 is a schematic drawing showing an exemplary apparatus for forming the MgZnO layer based 
MO VPE process. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0019] Embodiments of the invention will be explained referring to the drawings. 

Fig. 1 is a drawing schematically showing a stacked structure of the essential portion of the light em: 
device of the invention, and the device has a light emitting layer portion in which an n-type cladding 
34, an active layer 33 and a p-type cladding layer 2 are stacked in this order. The p-type cladding la> 
composed as a p-type MgxZnl-xO layer (0<x</=l: may occasionally be abbreviated as p-type MgZi 
layer 2, hereinafter). In the p-type MgZnO layer 2, a trace amount of for example one or more select 
from the group consisting of N, Ga, Al, In and Li are contained as the p-type dopant. The p-type can 
concentration is adjusted within a range from lxl0<16>/cm<3> to 8xl0<18>/cm<3> as described ir 
above, and more specifically within a range from 10<17>/cm<3> to 10<18>/cm<3> or around. 
Fig. 2 is a schematic drawing of a crystal structure of MgZnO, where so-called wurtzite structure is s 
In this structure, oxygen-ion-packed planes and metal-ion- (Zn ion or Mg ion) packed planes are sta< 
along the direction of the c-axis, and as shown in Fig. 3, the p-type MgZnO layer 2 is formed so as h 
the c-axis thereof along the thickness-wise direction. Formation of a vacancy due to disorption of an 
oxygen ion causes oxygen deficiency, and consequently produces an electron as an n-type carrier. T< 
much formation of such oxygen deficiency undesirably increases the n-type carriers, to thereby ruin 
conductivity. It is therefore important that how to suppress generation of the oxygen deficiency in oi 
form the p-type MgZnO layer. 



[0020] As has been described in the above, the p-type MgZnO layer 2 is formed by the MO VPE pro- 
Principle of the MOVPE process per se is publicly known. The above-described addition of the p-ty] 
dopant is executed during the MOVPE process. By carrying out the MOVPE process in an atmosphc 
conditioned at a pressure of 1.33x1 0<3> Pa (10 Torr) or above, the disorption of oxygen is suppress! 
shown in Fig. 4, and a desirable p-type MgZnO layer 2 having a less degree of oxygen deficiency ca 
obtained. 

[0021] Although the p-type MgZnO layer 2 is ideally formed by epitaxial growth as a single crystal 
as shown in Fig. 5A, a relatively desirable emission efficiency can be obtained even if it is formed a: 
polycrystal layer as shown in Fig. 5B provided that the c-axis is oriented along the thickness-wise 
direction. It is said that MgZnO is desirable since such structure can be obtained in a relatively easy 
manner by giving thermal gradient in the thickness-wise direction of the substrate on which the lay ei 
grown. 

[0022] Now referring back to Fig. 1, the active layer 33 is composed of a material having an appropi 
band gap depending on desired emission wavelength. For example, for those available for visible lig 
emission, materials having band gap energies Eg (3.10 to 2.18 eV or around), capable of causing lig] 
emission in a wavelength range of 400 to 570 nm, are selected. Although this range covers emission 
wavelength from violet region to green region, those having band gap energies Eg (2.76 to 2.48 eV < 
around) capable of causing light emission in a wavelength range of 450 to 500 nm are selected in pa 
for the case where blue light emission is desired. On the other hand, those having band gap energies 
(4.43 to 3.10 eV or around) capable of causing light emission in a wavelength range of 280 to 400 ni 
selected in particular for the case where ultraviolet emission is desired. 

[0023] The active layer 33 can be formed typically using a semiconductor capable of forming a type 
band lineup between itself and the p-type MgxZnl-xO layer. An example of such active layer is an I 
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layer (referred to as InGaN active layer, hereinafter) 3 as shown in the light emitting device 1 in Fig. 
in the light emitting device 100 in Fig. 7. It is to be noted now that M a type-II band lineup is formed 
between the active layer and the p-type MgxZnl-xO layer" indicates a junction structure, as shown i 
8A and 8B, in which the individual energy levels of the bottom of the conduction band and the uppe: 
of the valence band Ecp, Evp of the p-type cladding layer (p-type MgxZnl-xO layer 2), and the indr 
energy levels of the bottom of the conduction band and the upper end of the valance band Eci, Evi o: 
active layer satisfy the following relations of inequality: 
"(1)" Eci > Ecp 

"(2)" Evi > Evp 



[0024] In this structure, no specific barrier will appear for the forward diffusion of electrons (n-type 
carriers) from the active layer to the p-type cladding layer, but a relatively high potential barrier is fc 
for the reverse diffusion of holes (p-type carriers) from the active layer to the p-type cladding layer, 
promotes carrier recombination in the active layer, and can achieve a high emission efficiency. Assu 
now that the layer is expressed as In alpha Gal - alpha N, where alpha is an InN alloy composition, a 
relation of 0.34</= alpha </=0.47 is preferable for blue visible light emission, and a relation of 0</= 
</=0.19 is preferable for ultraviolet emission. 

[0025] In this case, the n-type cladding layer preferably uses a semiconductor capable of forming a t 
band lineup between itself and the active layer. An example of such active layer is an n-type AIGaN 
beta Gal - beta N) layer 4 as shown in the light emitting device 1 in Fig. 6, or in the light emitting de 
100 in Fig. 7. It is to be noted now that "a type-I band lineup is formed between the n-type cladding 
and the active layer" indicates a junction structure, as shown in Figs. 8A and 8B, in which the indivi 
energy levels of the bottom of the conduction band and the upper end of the valence band Eci, Evi o: 
active layer, and the individual energy levels of the bottom of the conduction band and the upper enc 
valance band Ecn, Evn of the n-type cladding layer (n-type AIGaN layer 4) satisfy the following reh 
of inequality: 
"(3)" Eci < Ecn 

"(4)" Evi > Evn 



[0026] In this structure, a relatively high potential barrier is formed for the reverse diffusion of elect 
from the n-type cladding layer to the active layer, and a quantum well is formed at the upper end of 1 
valence band corresponding to the position of the active layer, to thereby enhance the confinement 
efficiency of holes. All of these promote carrier recombination in the active layer, and consequently 
achieve a high emission efficiency. 

[0027] In the structures shown in Figs. 8 A and 8B, a suppressive effect of reverse diffusion of holes 
the active layer to the p-type cladding layer can successfully be raised by increasing the energy barri 
height (Evi - Evp) at the upper end of the valence band. For this purpose, it is effective to raise MgO 
composition of the p-type MgxZnl-xO layer 2 (that is, value of "x") composing the p-type cladding 
The alloy composition "x" is determined depending on desired current density, so as not to cause ex< 
leakage of the carriers towards the p-type cladding layer. In a typical case where the active layer is 
composed of the InGaN layer 3, the alloy composition "x" is preferably set within a range from 0.05 
or around for light emitting diode, and 0.1 to 0.4 or around for semiconductor laser light source. 

[0028] The bottom of the conduction band descends in a step- wise manner from the active layer tow 
the p-type cladding layer, and the electrons not contributed to the emissive recombination in the acti 
layer then flow into the p-type cladding layer having a higher carrier concentration, and become no i 
contributable to light emission due to Auger recombination or the like. In order to raise the emission 
efficiency, it is therefore necessary that electrons as much as possible recombine with holes before tl 
flow into the p-type cladding layer, and it is therefore effective to increase the thickness "t" of the ac 
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layer to a certain level or above (e.g., 30 nm or above). As shown in Fig. 8B 5 too small thickness "t" 
active layer increases electrons possibly flow into the p-type cladding layer and become not contribi: 
to the light emission, and this results in lowered emission efficiency. On the other hand, increase in t 
thickness "t" of the active layer beyond a necessary level results in lowered carrier density in the acti 
layer and thus ruins the emission efficiency. The thickness is thus typically set to 2 mu m or below. 

[0029] In Figs. 8A and 8B, it is advantageous in view of suppressing non-emissive recombination at 
junction boundary that a relation of Ecp > Evi is satisfied similarly for the case where the InGaN act 
layer is used, that is, the p-type cladding layer and the active layer have forbidden bands which over 
with each other. 

[0030] Next, as shown in Fig. 1, the surface of the p-type MgxZnl-xO layer 2 opposite to that in cor 
with the active layer (InGaN layer) 3 can be covered with a protective layer 35 which is composed o 
conductive material or a semiconductor material. Because MgZnO tends to degrade properties there< 
through reaction with moisture to produce hydroxide by nature, provision of the protective layer 35 : 
p-type MgxZnl-xO layer 2 is fairly effective in view of preventing such nonconformity. 

[0031] The p-type MgxZnl-xO layer, as shown in Fig. 3, has a structure in which a c-axis is orientec 
the thickness-wise direction, that is, a structure in which oxygen-ion-packed layers, and metal-ion-pj 
layers are alternately stacked in the thickness- wise direction. Taking now electrically neutral conditi- 
into account, the layer having a metal-ion-packed layer exposed in one surface (referred to as "metal 
packed plane", hereinafter) should unconditionally have an oxygen-ion-packed layer exposed in the 
surface (referred to as "oxygen-ion-packed plane", hereinafter). The side more likely to undergo a re 
caused by moisture adhesion is the exposure side of the latter oxygen-ion-packed plane. 

[0032] For example, if the metal-ion-packed plane is oriented so as to contact with the active layer 3 
shown in Fig. 1 , the oxygen-ion-packed plane unconditionally exposes on the opposite side, and it is 
effective to cover it with the protective layer 35. In this case, the protective layer 35 is formed so as 
contact with the oxygen-ion-packed plane of the p-type MgxZnl-xO layer 2. On the contrary, if the 
oxygen-ion-packed plane is oriented so as to contact with the active layer 33, the metal-ion-packed { 
less labile to the reaction with moisture exposes on the opposite side. While the protective layer 35 i; 
omissible in this case, coverage with the protective layer 35 can provide the device structure more 
excellent in the weatherability. 

[0033] In the light emitting device 1 shown in Fig. 6, a transparent conductive material layer 12 is us 
the protective layer. Use of the transparent conductive material 12, that is, the protective layer comp> 
a transparent material, successfully contributes to improvement in the light extraction efficiency for 
case where the p-type MgxZnl-xO layer 2 side is defined as the light extraction plane. In this case, t 
transparent conductive material layer 12 can be used also as an electrode for supplying current for lij 
emission. Unlike the case in which a metal electrode is disposed, such constitution allows the electrc 
se to pass the light therethrough, and makes it no more necessary to intentionally form a non-electro* 
forming area for light extraction around the electrode, so that the electrode can be formed in a larger 
without lowering the light extraction efficiency. It is also advantageous in simplifying the device bee 
there will be no need to form a current spreading layer. 

[0034] As specific materials for composing the transparent conductive material layer 12, In203:Sn ( 
doped indium oxide: generally known as ITO) and Sn02:Sb (antimony-doped tin oxide: generally k 
as Nesa) are preferably used. ITO is excellent in the conductivity, and can contribute also to reductic 
the device drive voltage. On the other hand, Nesa is slightly inferior to ITO in conductivity but is 
advantageous for its inexpensiveness. Nesa is also higher in heat resistance, and thus it is effective f< 
case where high-temperature process is necessary after forming the transparent conductive material, 
film can be formed by sputtering or vacuum evaporation, and Nesa film can be formed by the CVD 
process. It is also allowable to form these transparent conductive material layers 12 by the sol-gel pr< 

[0035] The light emitting device 1 shown in Fig. 6 more specifically has the following structure. Th* 
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on a sapphire (single crystal alumina) substrate 1 0, a buffer layer 1 1 composed of GaN is formed, an 
further thereon an n-type AIGaN layer 4 as an n-type cladding layer, an InGaN layer (referred to as 1 
active layer, hereinafter) 3 as an active layer, and a p-type MgZnO layer 2 as a p-type cladding layer 
epitaxially grown in this order, to thereby form a light emitting layer portion having a double 
heterostructure. The surface of the p-type MgZnO layer 2 is covered with the transparent conductive 
material layer 12 typically composed of ITO, the n-type AIGaN layer 4 and InGaN active layer 3 are 
partially removed, and on the exposed surface of the n-type AIGaN layer 4, a metal electrode 13 is f 
By establishing electric connection between the transparent conductive material layer 12 having a pc 
polarity and the metal electrode 13, light (blue light or ultraviolet radiation) from the light emitting 1 
portion is extracted from the transparent conductive material layer 12 side, or from the sapphire subs 
10 side. The metal electrode 13 herein can be composed of one or more selected from the group con: 
of Au, Ni, Ti and Be, and typically of Au-Be alloy or the like. 

[0036] Next, in the light emitting device 100 shown in Fig. 7, the protective layer is composed of a f 
compound semiconductor layer 20. The p-type compound semiconductor layer 20 can be used also z 
current spreading layer. In this case, formation of a metal electrode 21 having an area smaller than tl 
the p-type compound semiconductor layer 20 makes it possible to extract light from the peripheral ai 
and this makes also possible to improve the light extraction efficiency because current from the eleci 
21 can be spread over the entire area of the p-type MgZnO layer 2. The p-type compound semicondi 
layer 20 in this case needs to have a sufficient transparency in view of allowing light extraction. In ti 
embodiment, the p-type compound semiconductor layer 20 is composed of a p-type AIGaN layer, ar 
thereon the metal electrode 21 is formed. Since other portions are same as those in the light emitting 
1 shown in Fig. 6, commonly used components are given with the identical reference numerals and i 
detailed description will be omitted. It is to be noted that the metal electrode 21 is also omissible if tl 
type compound semiconductor layer 20 has a sufficient conductivity. 

[0037] An exemplary method of fabricating the light emitting device 100 shown in Fig. 7 will be dej 
referring to Figs. 9 A to 9D. 

[0038] First as shown in Fig. 9 A, on one main surface of the sapphire substrate 10, the GaN buffer h 
is formed, and the n-type AIGaN layer (n-type cladding layer) 4 having a thickness of 50 nm for exa 
and the InGaN (non-doped) active layer 3 typically having a thickness of 30 nm for example are epil 
grown. These layers can be formed by the publicly-known MOVPE process or MBE process. It is to 
noted that, MBE in the context of this specification include not only MBE in a narrow sense in whia 
of a metal element component source and a non-metal element component source are used in solid f< 
but also include MOMBE (metal organic molecular beam epitaxy) using the metal element compone 
source in a form of organometallic compound and the non-metal element component in a solid form: 
source MBE using the metal element component source in a solid form and the non-metal element 
component in a gas form; and chemical beam epitaxy (CBE) using the metal element component soi 
a form of organometallic compound and the non-metal element component source in a gas form. 

[0039] Next, as shown in Fig. 9B, the p-type MgZnO layer (p-type cladding layer) 2 is epitaxially gi 
typically in a thickness of 100 nm. Any metal element dopant used as the p-type dopant can be supp! 
a form of organometallic compound containing at least one alkyl group. 

[0040] When the p-type MgZnO layer 2 is formed by the MOVPE process, examples of the major 
materials include the folio wings: 

oxygen source: N02, etc.; 

Zn source: dimethyl zinc (DMZn), diethyl zinc (DEZn), etc.; and 
Mg source: bis-cyclopentadienyl magnesium (Cp2Mg), etc. 



[0041] Examples of the p-type dopant include the followings: 
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Li source: n-butyl lithium, etc.; 

Si source: silicon hydrides such as monosilane; 

C source: hydrocarbons (for example, alkyl containing one or more C); and 
Se source: hydrogen selenide, etc. 

[0042] One or more selected from the group consisting of Al, Ga and In can be allowed to function i 
excellent p-type dopants when added together with N. Sources of these elements include the followi) 

Al source: trimethyl aluminum (TMAI), triethyl aluminum (TEA1), etc.; 
Ga source: trimethyl gallium (TMGa), triethyl gallium (TEGa), etc.; and 
In source: trimethyl indium (TMIn), triethyl indium (TEIn), etc. 



[0043] For the case where N is used together with a metal element (Ga) as p-type dopants, a gas whi 
serves as an N source is supplied together with an organometallic compound which serves as a Ga s( 
when the p-type MgZnO layer is grown in vapor phase. In the embodiment for example, N02 used z 
oxygen source also serves as an N source. 

[0044] Vapor-phase growth of the p-type MgZnO layer 2 based on the MOVPE process can be carri 
by raising the temperature of an inner atmosphere of a growth furnace in which the substrate is hous 
300 to 700 DEG C for example, and supplying the aforementioned source materials in a gas form to; 
with a carrier gas. Available carrier gases include nitrogen gas and argon gas. 

[0045] In the example shown in Fig. 32, the p-type MgxZnl-xO layer 2 is grown by the MOVPE pr< 
on the main surface 111 of a substrate 110 placed in an inner space 1 15a of a growth chamber 1 15. 1 
substrate 1 10 is in the status shown in Fig. 9A, where the surface of the active layer 3 shown in Fig. 
composes the main surface 1 1 1 . In this case, it is advantageous to supply an oxygen-source gas OQ 
through an oxygen-source-gas exhaust ports 1 1 6a, and to supply an organi-metallic compound MO a 
serves as an Mg and/or Zn source through organometallic compound exhaust port 1 17a located more 
to the main surface 111 than the oxygen-source-gas exhaust ports 1 16a, in view of obtaining the p-t> 
MgxZnl-xO layer 2 having less oxygen deficiency (specifically 10/cm<3> or less). It is more effect) 
herein to raise the molar concentration of oxygen-source (Group VI) gas OQ to be supplied into the 
chamber 115 approx. 2,000 to 3,000 times higher than the molar concentration of the organometallic 
compound (Group II) MO (that is, to set supply MI ratio to 2,000 to 3,000). 

[0046] In the embodiment shown in Fig. 32, the apparatus is designed to heat the substrate 110 usinj 
built-in heater 1 18 of a susceptor 119. Openings of oxygen-source-gas exhaust supply ducts 116 con 
to the growth chamber 115 compose the oxygen-source-gas exhaust ports 1 16a. The end portion of a 
organometallic compound supply duct 117 inserted in the growth chamber 1 15 is positioned in the u 
vicinity of the main surface 1 1 1 on which the p-type MgxZnl-xO layer 2 is formed, where the 
organometallic compound exhaust port 1 17a is formed at the end portion thereof so as to blow the 
organometallic compound gas against the main surface 111. 

[0047] It is effective to carry out the vapor-phase growth by keeping the inner pressure of the reactic 
chamber as high as 1.33xl0<3> Pa (10 Torr). This ensures synthesis of the MgZnO layer in which o 
disorption is effectively suppressed to thereby reduce oxygen deficiency, and having excellent p-typ 
characteristics. In particular for the case where N02 is used as an oxygen source, the aforementionec 
pressure setting is advantageous because the N02 is prevented from rapidly dissociating, and the ox; 
deficiency can more effectively be prevented from occurring. 

[0048] The higher the atmospheric pressure rises, the more the oxygen disorption suppressive effect 
enhanced, where a pressure at around 1.013xl0<5> Pa (760 Torr, 1 atm) is effective enough. For ex; 
the reaction chamber can be conditioned at normal pressure or at a reduced pressure by setting at 
1.013xl0<5> Pa (760 Torr), and only a relatively simple seal structure for the chamber will suffice. 
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contrary, when a pressure exceeding 1.013xl0<5> Pa (760 Torr) is adapted, a slightly tougher seal 
structure will be necessary in order to avoid leakage of the internal gas since the chamber is pressuri. 
and moreover, it will be even necessary to consider a pressure-resistant structure for the case where ; 
considerably high pressure is adopted, where the oxygen disorption suppressive effect can further be 
improved. In this case, the upper limit of the pressure should be determined taking trade-off betweer 
of the apparatus and achievable oxygen-deficiency suppressive effect into account (typically 1.013x 
Pa (7,600 Torr, 10 atm) or around). 

[0049] After the p-type MgZnO layer 2 is formed, the substrate is taken out from the reaction chamb 
then as shown in Fig. 9C, the transparent conductive layer 12 is formed. For the case where an ITO J 
used, the formation can be carried out by RF sputtering or vacuum evaporation. Then as shown in Fi 
a part of the p-type MgZnO layer 2 and the InGaN active layer 3 is removed typically by gas etching 
thereby expose the n-type AIGaN layer 4, and thereon the metal electrode 13 is formed typically by 
vacuum evaporation. Thus the light emitting device 1 shown in Fig. 6 is completed. It is to be noted 
order to fabricate the device in a proper size, after the process step shown in Fig. 9C, the substrate is 
and thus-diced individual substrates is subjected to the process step shown in Fig. 9D. Although the 
process step is further followed by process steps of bonding of a current supply lead wire, resin mok 
and the like before the final product is obtained, these will not be detailed here since all of them are j 
of common sense (the same will apply also to other embodiments described below). On the other haj 
light emitting device 100 shown in Fig. 7 can be fabricated according to the process steps similar to 
as shown in Figs. 9A to 9D, except that, in succession to the p-type MgZnO layer 2, the p-type AIG* 
layer is grown in a vapor phase typically by the MOVPE process, and thereon the metal electrode 21 
formed. 

[0050] Next, a protective layer for the p-type MgZnO layer 2 can be composed also of a metal layer 
in a light emitting device 101 shown in Fig. 1 1 . In this case, the metal layer 22 is also used as a light 
reflective layer (referred to as "metal reflective layer 22", hereinafter) for assisting light extraction ft 
n-type cladding layer 4 side. According to such constitution, light advances from the light emitting 1; 
portion to the p-type cladding layer 2 can be reflected towards the n-type cladding layer (n-type AIG 
layer) 4 side to thereby further improve the light extraction efficiency. If an electrode is attached for 
example to the n-type cladding layer 4 side, the metal reflective layer (metal layer) 22 can, of course 
available as an electrode for supply current for light emission. In the light emitting device shown in ] 
11, the metal electrode 23 is formed to the n-type cladding layer 4 so as to directly contact therewith 
partially cover the surface thereof. Light can be extracted from the area around the metal electrode 2 
Unlike the light emitting devices 1, 100 shown in Figs. 6 and 7, the sapphire substrate is 10 has aires 
been removed. 

[0051] Fig. 10A to 10D show exemplary process steps for fabricating the light emitting device 101. . 
of forming the buffer layer 11, and the individual layers 4, 3, 2 composing the light emitting layer pc 
shown in Fig. 10A is similar to that shown in Fig. 9 A, and a step shown in Fig. 10B is similar to that 
shown in Fig. 9B. In Fig. 10C, in place of forming the ITO film, the metal reflective layer 22 such a* 
Au layer is formed typically by vacuum evaporation. In Fig. 10D, the sapphire substrate 10 is remov 
For example, when the GaN buffer layer 1 1 is used, irradiation of excimer laser from the back surfa< 
the sapphire substrate 10 melts the GaN buffer layer 11, and this makes it possible to readily separafc 
remove the sapphire substrate 10. It is to be noted that process steps shown in Figs. 10C and 10D cai 
exchanged. Then as shown in Fig. 1 1 , the metal electrode 23 is formed on the back surface of the n-t 
cladding layer 4 from which the sapphire substrate 10 has already been removed, and dicing is carrk 
to thereby obtain the light emitting device 101. It is now also allowable to remove the sapphire subst 
by dissolving the buffer layer or other separating layer disposed saparately from the buffer layer by 
chemical etching or the like. 

[0052] As for a light emitting device 99 shown in Fig. 12, it is now also allowable to insert a current 
spreading layer 24 (n-type AIGaN layer, for example) between the metal electrode 23 and the n-type 
AIGaN layer. Or as for a light emitting device 98 shown in Fig. 13, it is also allowable to form a 
transparent conductive material layer 25 such as an ITO film in place of the metal electrode 23. 
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[0053] It is also allowable to form the active layer using a semiconductor capable of forming a type- 
lineup between itself and the p-type MgxZnl-xO layer. An example of such active layer is an MgyZ 
layer (where, 0</=y<l, x>y). It is to be noted now that "a type-I band lineup is formed between the z 
layer and the p-type MgxZnl-xO layer" indicates a junction structure as shown in Fig. 17, in which 1 
individual energy levels of the bottom of the conduction band and the upper end of the valence band 
Evp of the p-type cladding layer (p-type MgxZnl-xO layer 2), and the individual energy levels of th 
bottom of the conduction band and the upper end of the valance band Eci, Evi of the active layer sati 
following relations of inequality: 
"(5)" Eci < Ecp 

"(6)"Evi>Evp 



[0054] In this structure, unlike the type-II band lineup shown in Figs. 8A and 8B, a potential barrier 
appears also for the forward diffusion of electrons (n-type carriers) from the active layer to the p-typ 
cladding layer. If a material for the n-type cladding layer is selected so that the type-I band lineup sii 
to that shown in Figs. 8 A and 8B is formed between the active layer and the n-type cladding layer, tl 
active layer will have quantum wells both at the bottom of the conduction band and the upper end of 
valence band, and this successfully raises confinement effect both for electrons and holes. This pron 
carrier recombination, and further distinctively raises the emission efficiency. While a material com] 
the n-type cladding layer may be AIGaN, for example, as shown in Fig. 6, use of n-type MgzZnl-zC 
(where, 0</= : z<l) results in a considerable cost reduction because all layers constituting the light em 
layer portion can be composed of an MgZnO-base oxide material (thus-composed, light emitting lay 
portion is referred to as "full-oxide- type, light emitting layer portion", hereinafter), and it is no more 
necessary to use the above-described rare metals such as Ga and In (dopant excluded). If a relation i: 
as x=y, potential barrier heights on both sides of a quantum well are equalized. 

[0055] The thickness "t" of the active layer is typically set to 30 to 1,000 nm so as not to cause lowe: 
the carrier density in the active layer, and so as not to excessively increase the amount of carrier pos: 
pass through the active layer based on the tunnel effect. 

[0056] In the active layer composed of an MgyZnl-yO layer (referred to as "MgyZnl-yO active lay* 
hereinafter: where a case with y=0 also included), a value of "y" can also serve as a factor which 
determines band gap energy Eg. For example, the value is selected in a range of 0</=y</=0.5 for the 
where ultraviolet emission in a wavelength of 280 to 400 nm is intended. The barrier height of thus-: 
well is preferably 0.1 to 0.3 eV or around for light emitting diode, and 0.25 to 0.5 eV or around for 
semiconductor laser light source. This value can be determined based on compositions of p-type Mg 
xO layer, MgyZnl-yO active layer, and n-type MgzZnl-zO layer, that is, based on selection of value 
x, y and z. On the premise that the a quantum well structure is to be formed, containment of Mg is n< 
essential for the active layer (that is, ZnO available), but essential for the p-type and n-type cladding 



[0057] Fig. 14 shows a specific example of the light emitting device. In this light emitting device 10: 
n-type MgzZnl-zO layer 54 as an n-type cladding layer, an MgyZnl-yO active layer 53, and p-type 
MgxZnl- xO layer 52 as a p-type cladding layer are epitaxially grown in this order to thereby form i 
emitting layer portion having a double heterostructure. Since the other structures are same as that of 
light emitting device 1 shown in Fig. 6, common portions will have the same reference numerals anc 
detailed description therefor will be omitted. A light emitting device 103 shown in Fig. 15 correspor) 
device in which the light emitting layer portion of the light emitting device 99 shown in Fig. 12 is re 
with the aforementioned double heterostructure. In addition, a light emitting device 104 shown in Fi: 
corresponds to a device in which the light emitting layer portion of the light emitting device 98 shov 
Fig. 13 is replaced with the aforementioned double heterostructure. 

[0058] It is now also allowable to form a structure of the light emitting device in which the MgyZnl 
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active layer 53 and the n-type MgzZnl-zO layer 54 have the same composition (i.e., y=z) but only d 
the carrier concentration, and the junction between both layers shown in Fig. 17 is homo junction. In 
case, a single heterostructure is obtained in which a potential barrier generates only between the p-ty 
MgxZnl-xO layer 52 and the MgyZnl-yO active layer 53 (z>y). 

[0059] The following paragraphs will explain process steps for fabricating the light emitting device ] 
the aforementioned full-oxide-type, light emitting layer portion referring to Figs. 18A to 18D, specia 
making reference to the light emitting device 104 shown in Fig. 16. First, as shown in Fig. 18A, the 1 
buffer layer 1 1 is epitaxially grown on the sapphire substrate 10, and the n-type MgzZnl-zO layer 5< 
(typically 50 nm thick), the MgyZnl-yO active layer 53 (typically 30 nm thick) and the p-type Mgx^ 
xO layer 52 (typically 50 nm thick) are formed in this order (order of the formation can be inverted), 
epitaxial growth of the individual layers can be carried out by the MOVPE process similarly to the c 
the light emitting devices 1, 100 shown in Figs. 6 and 7. While same source materials can be used w 
the MOVPE process is adopted, it is advantageous that all of the n-type MgzZnl-zO layer 54, the 
MgyZnl-yO active layer 53 and the p-type MgxZnl-xO layer 52 can be successively formed using t 
same source material in the same reaction chamber. On the other hand, in such constitution, the grov 
preferably carried out at a slightly lower temperatures, 300 to 400 DEG C for example, in order to re 
reactivity with the GaN buffer layer 1 1 and to improve lattice matching nature. 

[0060] In this case, depending on difference in alloy compositions x, y and z, ratio of flow rates of 
organometallic compounds as an Mg source and a Zn source are controlled for the individual layers, 
the MgyZnl-yO active layer 53 and the p-type MgxZnl-xO layer 52 are formed, it is preferable to a« 
method similarly to as already explained referring to Fig. 32 in order to suppress generation of oxyg< 
deficiency. On the other hand, as for formation of the n-type MgzZnl- zO active layer 54, it is allow 
adopt a method by which oxygen deficiency is intentionally produced so as to obtain n-type conduct 
It is effective to lower the atmospheric pressure (e.g., 1.33xlO<3>Pa (10 Torr) than that in the forma 
the MgyZnl-yO layer 53 and the p-type MgxZnl-xO layer 52. It is still also allowable to form the la 
separately introducing an n-type dopant. Or ratio of Group II and Group VI elements (supply II/VI r; 
the source materials may be increased. 

[0061] One example of possible process is such as follows. First, n-type MgzZnl-zO layer 54 of 50 : 
thick is formed by the MOVPE process using N02, DEZn and Cp2Mg under an atmospheric pressm 
6.67xl0<2> Pa (5 Torr) at approx. 300 DEG C. Next, the MgyZnl-yO active layer 53 is formed und 
atmospheric pressure of 1.01 3x1 0<5> to 1.01 3x1 0<6> Pa (760 to 7,600 Torr) at approx. 300 DEG C 
Finally, by introducing n-butyl lithium, for example, as a dopant gas, the p-type MgxZnl-xO layer 5 
50 nm thick is formed at 300 to 400 DEG C. 

[0062] After the formation of the light emitting layer portion completed, the metal reflective layer X 
protective layer is formed on the p-type MgxZnl-xO layer 52 as shown in Fig. 18B, the sapphire sut 
10 is removed as shown in Fig. 18C, and the transparent conductive material layer 25 (e.g., ITO filir 
protective layer is formed on the n-type MgzZnl -zO layer 54. These process steps are similar to as 
described in the above. Thereafter, as shown in Fig. 18D, the light emitting device 104 is obtained aJ 
dicing. As is clear from this example, since both of the p-type cladding layer and the n-type cladding 
are composed of MgZnO, it is preferable to cover the surface of these layers, which are not in contac 
the active layer, with the protective layer. It is to be noted now that, for the case where the growth si 
such as sapphire substrate is not removed but is used as a part of the device as in the light emitting d 
102 shown in Fig. 14, the growth substrate per se also plays a role of the protective layer. 

[0063] In the above-described method, the individual layers 52 to 54 were hetero-epitaxially grown ; 
MgZnO single crystal layers by the MOVPE process, where the individual layers 52 to 54 can also t 
formed on a poly cry sltal substrate or on a glass substrate 9 as in a light emitting device 105 shown ii 
27, because the light emitting layer portion composed only of an MgZnO layer can exhibit excellent 
emission characteristics even if it is composed of a polycrystal layer having c axis oriented along the 
thickness-wise direction as shown in Fig. 5B (in this embodiment, the thin n-type ZnO buffer layer t 
formed on the glass substrate 9, and further thereon the individual layers 52 to 54 composing the ligl 
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emitting layer portion are grown). For example, as shown in Fig. 28A, on the glass substrate 9, the n 
ZnO buffer layer 8 and the individual layer 52 to 54 composing the light emitting layer portion are f< 
by the low-temperature, vapor-phase growth method such as laser beam sputtering, the metal reflect: 
layer 22 is formed, and the substrate is diced for separating devices. Then as shown in Fig. 28B, a ps 
the n-type MgzZnl-zO layer 54 is exposed, and the metal electrode 13 is formed thereon, to thereby 
the light emitting device 105. The light emitting device 105 can extract light from the light emitting 
portion, together with reflected light from the metal reflective layer 22, through the glass substrate 9 
to be noted now that another possible method of forming the individual layers 52 to 54 as the c-axis- 
oriented layer is the sol-gel process. 

[0064] While the p-type MgxZnl-xO layer, active layer and n-type cladding layer composing the lig 
emitting layer portion is sequentially stacked on the substrate in the aforementioned embodiment, sii 
stacked structure is obtainable also by the so-called bonding technique. For example, a primary porti 
a secondary portion, which correspond to portions of the stacked structure, composed of the p-type 
MgxZnl-xO layer, active layer and n-type cladding layer, divided into two on one side of the active 
are separately formed respectively on the substrate, and then bond the primary and secondary portioi 
Figs. 19A and 19B shows specific example of the process. As shown in Fig. 19A, the primary portio 
include the p-type MgxZnl-xO layer 2. In this embodiment, on the sapphire substrate 10, the p-type 
MgxZnl-xO layer 2 is epitaxially grown interposing the GaN buffer layer 1 1 therebetween. On the c 
hand, the secondary portion SP includes the stacked structure which is composed of the active layer 
the n-type cladding layer 54. That is, on the sapphire substrate 10, the GaN buffer layer 1 1 is formed 
further thereon the n-type MgzZnl- zO layer 54 and the MgyZnl-yO active layer 53 are epitaxially j 
Such primary portion PP and secondary portion SP are stacked so as to oppose the MgyZnl-yO actr 
layer 53 with the p-type MgxZnl-xO layer 2, and then annealed at a proper temperature (e.g., 300 to 
DEG C or around) to thereby bond them. 

[0065] Next paragraphs will describe exemplary applications of the light emitting device of the inve: 

[0066] As has been described in the above, the light emitting device of the invention can be compos* 
visible-light emitting device 200 as shown in Fig. 20A, or as a ultraviolet emitting device 201 as sho 
Fig. 20B, by proper selection of band gap of the active layer. The examples shown in Fig. 20A and 7 
designed to extract light generated in the active layers 203, 203* from the transparent conductive mat 
layer 25 side, which is formed on the p-type cladding layer 202 side, after being reflected by the met 
reflective layer 22 formed on an n-type cladding layer 204 side. Formation style of the electrode or t 
and light extraction style are, however, not limited thereto, and various styles as shown in Figs. 6, 7, 
and 27 are of course allowable. 

[0067] The light emitting device composed as the visible-light emitting device 200 can of course be 
applicable to general display purposes. In particular, achievement of high-luminance blue light emis; 
can realize a compact full-color display apparatus or full-color LED display having an advanced 
performance and low power consumption. The light emitting device, including that used as the ultra^ 
emitting device 201, is available as a light source for optical-fiber communication or a spot light sou 
photo-coupler. The former is advantageous in dramatically improving information transfer density, t 
virtue of high-luminance, short- wavelength light emission. While the light emitting device of the in\ 
is of course available as a laser light source, the device can also compose a small-sized, lightweight : 
wavelength laser emission unit, and can dramatically increase recording density if it is used as a lase 
source for optical recording. 

[0068] The invention also achieves a semiconductor-base, ultraviolet emitting device, and this make 
possible to realize a overwhelming weight reduction, downsizing, energy saving and life elongation 
compared with those for the conventional ultraviolet light source based on electrode discharge. 

[0069] It is also expected that a novel type of visible-light emitting apparatus can be realized by con: 
a semiconductor ultraviolet, light emitting device having a light emitting layer portion 201m in whic 
p-type cladding layer 202, an active layer 203 1 and the n-type cladding layer 204 are stacked in this c 
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with a fluorescent material 210. More specifically, in response to ultraviolet irradiation from the 
semiconductor ultraviolet emitting device, the photo-excited fluorescent material 210 emits visible li 
While this is basically identical to fluorescent lamp and CRT (cathode ray tube) in principle, a critic; 
difference resides in that the apparatus uses a semiconductor light emitting device as a ultraviolet soi 
Effects brought by such constitution were already described in "Disclosure of the Invention" in the a 
A specific embodiment of the apparatus will be detailed below. 

[0070] First, as shown in Fig. 22, the apparatus can be designed so that ultraviolet radiation from the 
semiconductor ultraviolet, light emitting device (also simply referred to as light emitting device) 201 
irradiated to the fluorescent material layer 210 formed on a base member 209. Use of such base men 
209 allows arbitrary selection of shape of the light emitting portion of the apparatus depending on st 
the base member 209, and is thus advantageous in that flexible design of the outer appearance of the 
apparatus is allowable depending on purposes. For example in a light emitting device 250 shown in '. 
22, both of the base member 209 and the fluorescent material layer 210 are formed in a planar form, 
largely contributes to space saving. For example, by forming the base member 209 in a form of thin 
and forming the fluorescent material layer 210 thereon, the light emitting layer portion can intrinsica 
made very thin, and thus an extra-thin design (typically having a thickness td of 1 0 mm or below, or 
or below, where thinning even as thin as 1 mm or around also possible) of a high-luminance light en 
apparatus 251. It is also allowable to use a curved base member 209 as shown in Fig. 25. 

[0071] Since the light emitting apparatuses 250, 251 and 252 shown in Figs. 22, 24 and 25 are comn 
their individual components except for the shape thereof, a detailed description will representatively 
made on the light emitting apparatus 250 shown in Fig. 22. The light emitting device 201 are dispose 
plural number, and the ultraviolet radiation from the individual light emitting devices 201 are dedica 
light emission of the correspondent fluorescent material layers 210. Such design is advantageous in 1 
light emission area of the apparatus can readily be enlarged. The light emitting apparatus 250 is a lig 
apparatus designed so that a plurality of the light emitting devices 201 concomitantly allow the 
correspondent fluorescent material layer to emit light, and has a large area and long service life. 

[0072] The fluorescent material layer 210 herein has portions 210a corresponded to the plurality of 1 
emitting devices 201 laterally integrated in line, and this constitution can readily be fabricated becau 
portions 210a of the fluorescent material layer can be formed in an integrated manner as a single 
fluorescent material layer 210. In this case, assuming that the portions 210a of the fluorescent materi 
layer are portions covered by the light emitting devices 201, it is also possible to allow ultraviolet ra 
from the light emitting device 201 to spread outwardly from the portions 210a of the fluorescent mai 
layer, and consequently to generate light emission in an area broader than that of the portions 210a o 
fluorescent material layer, depending on the distance between the light emitting devices 201 and sue 
portions 210a of the fluorescent material layer. Therefore, even if a slight gap is formed between eve 
adjacent light emitting devices 201, 201, visible-light emitting areas of the fluorescent material layei 
ascribable to the ultraviolet radiation from the individual light emitting devices 201, 201 can be com 
with each other by properly adjusting the distance between the fluorescent material layer 210 and th< 
emitting devices 201, and this successfully produces uniform light emission having less irregularity ■ 
the entire surface of the fluorescent material layer 210. 

[0073] In the light emitting apparatus 250, the base member is composed of the transparent substrate 
and on one surface of the transparent substrate 209 the fluorescent material layer 210 is formed. The 
extraction plane of the light emitting devices 201 is disposed on the opposite surface (disposed in co 
herein), so as to allow ultraviolet radiation from the light emitting devices 201 (semiconductor ultraA 
emitting devices) to irradiate the fluorescent material layer 210 through the transparent substrate 20S 
design allows the light emitting devices 201 (semiconductor ultraviolet emitting device) and the 
fluorescent material layer 210 to be separately disposed on both surfaces of the transparent substrate 
and this is further effective in reducing the size and simplifying the constitution of theapparatus. 

[0074] The transparent substrate 209 can be composed of a glass plate or transparent plastic (e.g., ac 
resin). While the light emitting devices 201 can be disposed on the transparent substrate 209 by bom 
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the light extraction planes thereof using an adhesive or the like, it is also allowable to grow the light 
emitting layer portion of the light emitting devices 201 on the glass plate. For the case where there i< 
need for connecting the visible-light emitting areas of the fluorescent material layer 210 corresponds 
the individual light emitting devices 201, the thickness of the transparent substrate 209 is properly a( 
so as to spread the ultraviolet radiation to an extent causative of such connection. On the contrary, cl 
disposition of the light emitting devices 201 to the fluorescent material layer 210 reduces the spread) 
ultraviolet radiation, and this is advantageous in terms of improving definition of the pixels in applic 
such as display apparatuses described later. 

[0075] In the light emitting apparatus 250 shown in Fig. 22, the surface of the fluorescent material h 
210 is covered with a transparent protective layer 211 composed typically of a transparent plastic. Tl 
of the transparent substrate 209 on which the light emitting devices 201 are disposed is covered with 
212. As another possible way to produce uniform light emission with less irregularity, a constitution 
shown in Fig. 23, in which the light is extracted through a light diffusion plate 212. In this embodim 
the transparent protective layer 21 1 is disposed between the fluorescent material layer 210 and the li, 
diffusion plate 212. 

[0076] Any light emitting materials are available provided that they can be excited to emit ultraviole 
radiation. For the case where white light emission is desired, publicly -known fluorescent material, si 
calcium halophosphate (3Ca3(P04)2 . CaFCl/Sb, Mn), used in fluorescent lamp or the like are avail; 
where contents of F, Cl/Sb and Mn are properly adjusted to obtain various white lights having a vari 
color temperatures. It is also possible to realize lighting with an improved color rendering by combii 
narrow-band emission sources in three wavelength regions for red, green and blue (RGB). In this caf 
fluorescent materials of the individual colors are used in a mixed form, where a representative comb 
is Y203:Eu<3+> (R: center wavelength = 611 nm), CeMgAll 1019:Tb<3+> (G: center wavelength 
nm) and BaMg2A116027:Eu<2-K> (B: center wavelength = 452 nm). 

[0077] Next, as shown in Figs. 26A and 26B, the fluorescent material layer may be composed of sep 
portions (21 OR, 21 0B, 21 0B) corresponded to the individual light emitting devices 201. This design 
course applicable to lighting apparatus, and further important in view of being applied to display ap{ 
For this purpose, the light emitting devices 201 are designed so as to be independently controllable c 
ultraviolet emitting status, each display unit is defined as being composed of a set of an individual li; 
emitting device 201 and a correspondent fluorescent material layer (20 1/21 OR, 201/210G, 20 1/21 0B 
a plurality of such display units are arrayed along a display plane DP (composed of the surface of th< 
transparent substrate 209). Fig. 26B shows an exemplary array for color display, where RGB fluores 
material layers 210R, 210G, 210B are disposed so as to avoid adjacent placement of the same color, 
the fluorescent material layers 21 OR, 210G, 21 0B of the individual display units as pixels, an image 
display based on combination of light emission status of the pixels. 

[0078] The display apparatus based on such system has various advantages; 

unlike CRTs and plasma displays, the display apparatus has no filament, electrode nor electron gun j 
ultraviolet radiation source so as to ensure a long service life, and power consumption is small by vu 
lower drive voltage; 

successfully thinned to an extent equivalent to that of liquid-crystal displays, needs no backlight or s 
it is a self-illumination apparatus, and almost not causative of directional dependence in the visibility 
a constitution using the fiill-oxide, light emitting layer portion (shown in Fig. 16 or the like) allows t 
patterning of the light emitting layer portion corresponding to the pixels by chemical etching, becaus 
MgZnO can readily be solubilized into a dilute acid or alkali. Thus a high-definition display having ; 
pixels can readily be obtained. It is now also possible to compose an LED display in which the visib 
emitting devices 200 shown in Fig. 20A are directly used as the pixels without using the fluorescent 
material, where use of the full-oxide-type, light emitting layer portion will make the LED display faj 
reduced in size and improved in definition. 
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[0079] The above-described lighting apparatuses and display apparatuses allow various composition 
forms including current supply wiring to the light emitting device 201 to be used, where several exaj 
thereof will be explained below. Fig. 29 shows a thin lighting apparatus 260, in which a fluorescent 
material layer 10 is disposed on the back side of a transparent plate 74 typically composed of an acrj 
plate, and further thereon a plurality of the light emitting devices 105 (using glass substrate 9: methc 
fabrication thereof already explained referring to Figs. 28A and 28B) shown in Fig. 27 are bonded u; 
adhesive (the thickness of the light emitting layer portion emphasized in the drawing, and is practica 
more thinner). The assembly is further stacked with a wiring board having formed thereon a current 
wirings 71, 72 and electrode terminals 13a, 22a corresponded to the electrodes 13, 22, respectively, < 
individual devices 105, and the entire assembly is molded in a case 73 (in this embodiment, the wirii 
board forms a part of the case 73). On the case 73, a connector is formed so as to draw out the each t 
the current supply wirings 71, 72. By connecting a power source 76 thereto, the individual devices 1 
supplied with current. 

[0080] A DC power source can of course be available as the power source 76, but also it can be driv 
pulsating current obtained after rectifying AC current, and even direct drive with AC current is allov 
the half- wave waveform is of no problem. 

[0081] In the conventional fluorescent lamps, addition of a dimming function concomitantly needed 
warming of the electrode and AC phase control, but this inevitably makes the circuit constitution mc 
complicated, and thus the function was only applicable to lighting facility of higher grade (those effi 
dimming through series impedance switching also available, but are considerably uneconomical). Oi 
contrary, the lighting apparatus 260 of the invention is advantageous in that the dimming is facilitate 
without using a complicated circuit constitution, which can be realized by using a system by which s 
voltage to the light emitting device 105 is varied, or a system by which an average current is varied 1 
on control of the duty ratio. 

[0082] Next, Fig. 30 shows a lighting apparatus 261 in which the light emitting layer portions 53, 54 
light emitting devices 106 are grown on a glass substrate 209 as the transparent substrate. The fluore 
material layer 210 and the transparent protective film 211 are formed on one surface of the glass sub 
209, and on the opposite surface, a pattern of an electrode layer 220, composed of a transparent cone 
material such as ITO, is formed so as to be corresponded to the formation sites of the individual ligh 
emitting devices 106 typically by photolithography. And further thereon, the full-oxide-type, light ei 
layer portions 54, 53, 52 are sequentially formed while placing an appropriate buffer layer 221 in be 
and then patterned by chemical etching so as to expose a part of the individual electrode layer 220, t< 
thereby separate the light emitting layer portions of the individual devices 106. Finally, metal reflect 
film 22 is formed for each of the light emitting layer portions, necessary wirings 71, 72 are formed, 1 
thereby complete the lighting apparatus 261. 

[0083] Fig. 3 1 shows a lighting apparatus 262. On one surface of the glass substrate 209, the RGB 
fluorescent material layers 21 OR, 210G, 21 0B composing the pixels are formed, and are covered wit 
transparent protective layer 211. On the opposite surface of the glass substrate 209, the light emitting 
devices 106 similar to those in the lighting apparatus 261 shown in Fig. 30 are formed in positions 
corresponded to the individual fluorescent material layers 21 OR, 210G, 21 0B (the same reference nu 
given for the portions commonly found in Fig. 30). The individual light emitting device is controllec 
being supplied with current by a control circuit 75 based on the respective image control signals. Wl 
embodiment exemplifies a most simplified constitution in which the individual light emitting device 
switched using transistors 75 a, emission luminance of the pixels can be changed in a step- wise manr 
the control circuit 75 is composed so as to effect independent control of supply current to the individ 
light emitting devices 106. 
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1 . A light emitting device having a light emitting layer portion in which an n-type cladding layer, an 
layer and a p-type cladding layer are stacked in this order, the p-type cladding layer being composed 
p-type MgxZnl-xO (where, 0<x</=l) layer. 

2. The light emitting device as claimed in Claim 1, wherein the p-type MgxZnl-xO layer contains N 
one or more selected from the group consisting of Ga, Al and In as the p-type dopant. 

3. The light emitting device as claimed in Claim 1 or 2, wherein the active layer is composed of a 
semiconductor capable of forming type-II band lineup with respect to the p-type MgxZnl-xO layer. 

4. The light emitting device as claimed in any one of Claims 1 to 3, wherein the active layer is an In* 
layer. 

5. The light emitting device as claimed in Claim 1 or 2, wherein the active layer is composed of a 
semiconductor capable of forming type-I band lineup with respect to the p-type MgxZnl-xO layer. 

6. The light emitting device as claimed in any one of Claims 1, 2 and 5, wherein the active layer is a 
MgyZnl-yO layer (where, 0</=y<l and x>y). 

7. The light emitting device as claimed in Claim 6, wherein the n-type cladding layer is an n-type M: 
zO layer (where, 0</=z<l). 

8. The light emitting device as claimed in any one of Claims 1 to 7, wherein the surface of the p-typ< 
MgxZnl-xO layer opposite to that in contact with the active layer is covered with a protective layer 
comprises a conductive material or a semiconductor material. 

9. The light emitting device as claimed in Claim 8, wherein the p-type MgxZnl-xO layer has a struc 
which oxygen-ion-packed layers and metal-ion-packed layers are alternately stacked in the thickness 
direction, and the protective layer is in contact with the oxygen-ion packed layer. 

10. The light emitting device as claimed in Claim 8 or 9, wherein the protective layer is a transparen 
conductive material layer. 

11. The light emitting device as claimed in Claim 10, wherein the transparent conductive material la 
used also as an electrode for supplying current for light emission. 

12. The light emitting device as claimed in Claim 8 or 9, wherein the protective layer is a p-type con 
semiconductor layer. 

13. The light emitting device as claimed in Claim 12, wherein the p-type compound semiconductor 1 
used also as a current spreading layer. 

14. The light emitting device as claimed in Claim 8 or 9, wherein the protective layer is a metal laye 

15. The light emitting device as claimed in Claim 14, wherein the metal layer is used also as a light 
reflective layer for assisting light extraction from the n-type cladding layer side. 

16. The light emitting device as claimed in Claim 14 or 15, wherein the metal layer is used also as ai 
electrode for supplying emission current. 

17. The light emitting device as claimed in any one of Claims 1 to 16, wherein the semiconductor 
composing the active layer is selected so as to have a band gap energy causative of light emission in 
visible light wavelength from 400 to 570 nm. 
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18. The light emitting device as claimed in any one of Claims 1 to 16, wherein the semiconductor 
composing the active layer is selected so as to have a band gap energy causative of light emission in 
ultraviolet wavelength from 280 to 400 nm. 

19. A method of fabricating the light emitting device of any one of Claims 1 to 18, wherein the p-tyj 
MgxZnl-xO layer is formed by the metal organic vapor-phase epitaxy process. 

20. The method of fabricating the light emitting device as claimed in Claim 19, wherein the metal or 
vapor-phase epitaxy process is carried out in an atmosphere conditioned at a pressure of 1 .33x1 0<3> 
above. 

21. The method of fabricating the light emitting device as claimed in Claim 19 or 20, wherein a mete 
element dopant is used as the p-type dopant, and the metal element dopant is supplied in a form of a] 
organometallic compound containing at least one alkyl group, during the vapor-phase growth of the 
MgxZnl-xO layer. 

22. The method of fabricating the light emitting device as claimed in Claim 21, wherein the metal el 
dopant is any one or more selected from the group consisting of Ga, Al, In and Li. 

23. The method of fabricating the light emitting device as claimed in Claim 22, wherein any one or i 
selected from the group consisting of Ga, Al, In and Li are used together with N as the p-type dopan 
during the vapor-phase growth of the p-type MgxZnl-xO layer, an N-source gas is supplied together 
the organometallic compound used as a source for the metal element dopant. 

24. The method of fabricating the light emitting device as claimed in any one of Claims 19 to 23, wt 
the n-type cladding layer, the active layer and the p-type MgxZnl-xO layer are formed so as to be 
sequentially stacked on a substrate. 

25. The method of fabricating the light emitting device as claimed in any one of Claims 19 to 23, wt 
the stacked structure of the n-type cladding layer, the active layer and the p-type MgxZnl-xO layer i 
formed so that a primary portion and a secondary portion thereof, which are corresponded to the por 
of the stacked, structure divided in two on one side of the active layer, are separately formed on the 
substrate, and the primary portion and the secondary portion are then bonded. 

26. The method of fabricating the light emitting device as claimed in Claim 25, wherein the primary 
portion includes the p-type MgxZnl-xO layer, and the secondary portion includes a stacked structur< 
n-type cladding layer and the active layer. 

27. The method of fabricating the light emitting device as claimed in any one of Claims 19 to 26, wi 
during formation of the p-type MgxZnl-xO layer on the main surface of the substrate placed in the i 
space of a growth chamber according to the metal organic vapor-phase epitaxy process, an oxygen-s 
gas is supplied through an oxygen-source gas exhaust port, and the organometallic compound used a 
Mg and/or Zn source is supplied through an organometallic compound exhaust port located more clc 
the main surface of the substrate than the oxygen-source gas exhaust port. 

28. A visible-light emitting apparatus having a light emitting layer portion in which an n-type claddi 
layer, an active layer and a p-type cladding layer are stacked in this order, the p-type cladding layer J 
comprising a semiconductor ultraviolet emitting device composed of a p-type MgxZnl-xO (where, 
0<x</=l) layer, and a fluorescent material which emits visible light as being irradiated by ultraviolei 
radiation from the semiconductor ultraviolet emitting device. 

29. The visible-light emitting apparatus as claimed in Claim 28, wherein the ultraviolet radiation fro: 
semiconductor ultraviolet emitting device is irradiated on a fluorescent material layer formed on a b'< 
member. 
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30. The visible-light emitting apparatus as claimed in Claim 29, wherein the semiconductor ultraviol 
emitting device is disposed in a plural number, and the ultraviolet radiation from the individual 
semiconductor ultraviolet emitting devices are dedicated for light emission of the correspondent 
fluorescent material layers. 

31. The visible-light emitting apparatus as claimed in Claim 30, wherein the apparatus is composed ; 
lighting apparatus designed so that a plurality of the semiconductor ultraviolet emitting devices 
concomitantly allow the correspondent fluorescent material layer to emit light. 

32. The visible-light emitting apparatus as claimed in Claim 31, wherein the fluorescent material lay 
corresponded to the individual semiconductor ultraviolet emitting devices are laterally integrated in ' 

33. The visible-light emitting apparatus as claimed in Claim 30, wherein the apparatus is composed ; 
display apparatus in which a plurality of display units are arrayed along a display plane, 

the display units respectively comprising a set of an independently-controllable semiconductor ultra 1 
emitting 

device and a correspondent fluorescent material layer, so as to make, using the fluorescent material 1 
of the individual display units as pixels, image display based on combination of light emission status 
pixels. 

34. The visible-light emitting apparatus as claimed in any one of Claims 29 to 33, wherein the base 
member and the fluorescent material layers are formed in a planar form. 

35. The visible-light emitting apparatus as claimed in any one of Claims 29 to 34, wherein the base 
member is composed as a transparent substrate, the fluorescent material layers are formed on one su 
of the transparent substrate, light extraction plane of the semiconductor ultraviolet emitting devices * 
opposingly disposed on the opposite surface thereof, so as to allow the ultraviolet radiation from the 
semiconductor ultraviolet emitting devices to irradiate the fluorescent material layers through the 
transparent substrate. 
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[0004] *«BS^)i|IH«> «3fc«W£«J£-f SRfc 
**«n»ar«3iait^4: -eoSSt^-a £&tffc:¥#tt* 
[000 5] 

iut3bfcBgf£3rU *>opI?7'y KJi#pS!Mg x 
Zri! _ x O <fc«U 0<xS 1 ) mfrhtthzt* 

[ 0 0 0 6 ] 4fc s *^BJc7)5Bt*^c0Mit*a(4, ± 

sacof&jas^^tsawi/iftK:. pMM gx z ni _ x 
[0007] n^mvwmm^mmfMza^x . a 

1 Ga I nNCDim^mmm t LXitZnOW^Z.t>tL 

<. ^*^$r«)a-r4±T^r^pM««tt&^-r 

iZpmZnO&ni>tltzk{Rg.LXi>. ZnO««f 
orate p ffi* - v .j r (cift-ft KM £ +#3r « $ Kr-CJgjS 

x-z-r. &m>m>&Ti<z^j:wz>i§&hhh. 

[0 0 08] %ZX\ *?mt,Zte^Xli. ZnOtfOZii 

e>-&zMgX'mmLfz®&mm. -t^h-h. Mg x 
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Zn, _ x O (0<xSl : KIT mm&MimZM g 
ZnOtmi-f&Zttffc&& Ztlli. Mg : Zn : 
0=1 : 1 : lT'^^ifcSrStt-r^tOTIi^V^) £ 
PS7 7 7 FJI<Oflifi£*ffii: LTffl^&„ MgZnOt 

fcwaiMgco-g-^rfcJ: 0, BHM^^F^-xrx 
*;W=¥-E g# ffim^±ffiOX*/P3f-i^ y p E v 

£-&*b&Z\ti) i X*ZZ>. 

[0009] ±M<7>£ 0 tpty&zmmfcmm-htztbiz 
11 PiMg.zn,., omtpnimxmm.* 1 0 

li. pSMg x Zn, _ x OS^BBK-r^^OMfflfiS; 
Jlfti LTli, *&#«$vffll£*i£ (MOVPE (Meta 
1 Organic Vapour Phase Epitaxy) ££) £r$£ffl"?~& £ i: 

y^^^xb^df^ (MBE (Molecular Beam Epi 
taxy) ) {±. j£ft#H§V7)JE7D#U 0-4-10-2 t 

0 r r mmxincDfttkzmi-t&z t 
nizwmxh*). piMg.zn,., om<nmm*m 

t xmmmmx>^xi±mmxm^%±^^mzm\T 
%<r>m&. mt^ifex'fc->fzpmMg x z n 

1 - x om. mz. mmxwm.* 1 om/cm? &r 

fcLfcplMg x Zn, _ x OJISrSgS'C#4J:dt4 

[ 0 0 1 0 ] 1 1-1 6 8 2 6 

ii. ±IBA 1 Ga I nNjR#flj&»£>$r$»}KJi«. £>& 
V Mi Z n StJf M g coMimfc & \ 4>fitj£S 

47^7-7^71/^ t>H^$ix-CV'>S. L^L^ 
WRIT 1 1-1 6 8 2 6 2 Z nRlf 

ttS*VO*4<0*T. p!Mg x Zn, _,0***b 
fBtSSBOflUS;. WpSMg x Zn, _ x OJfOUft: 
WfciMBttfefcM L T MJBtt i> ?m t> 3r § fvc v v * . 

[00 11] pSMg x Zn,., Of^MOVPES 
£J:S*#jStt. 1 0 t o r rULh^ETlSr^t/^H 

m&mzm\x'%. g^» P iMg x z n , _ x 
ig^^EE (o 2 PMommttfrri*. ttzti&mm 

S:0 2 £»*tTffl*Aii4fc<Oi:-*-4) tflOtor 



[00 12] CICJDJ; 3 3rpSMg x Zn, _ x OJfSrp 
j£T*#4. pI^7 7K1*\ Ga^In^ia 

£tttdR»T&4. Mg x Zn, _ x OJBttJtR 

[00 13] Mg x Z n, _ x 0#pMfc3r67t#>lC 

id&pSF-^Vr-i: LTfi. N» Ga. Al, I 
n. Li Si. C, SeC0-lX«2iHt^fflV^ 

jcmv— ^yhbLXitGa^ A 1 , InMLiWl 
«X«±2aiil±. ftlCGaiffiitSiki 5 ^* 

#tt5:J:05I^W#4£tA { T-§4. Ga^In 

[0014]^ -HJ-«rS63H*tt?&ilfii-f-4fcUi. p 
lMg x Zn, _ x OJftfcOpS^f -^Ur^JS^l XI 
0 1 6 ffl/cm3 ~8X 1 0 1 8 ii/cm3 t^r-^Tf 
SiO^Vn pI^f+'JTiS^lxlO 1 6^/ cm 
s *i»c$r * fc * # 4 £ t ^'fflii t =5: 4 

*^3&«»S . flfcfr, pS^f-^ 'J TjM6&«8 x l o i 8| 
/cm 3 Srtg^^i:. vStt*^±A$ix.i> pM^t -v 'J T 
O***5a«li:^:0> P^Mg x Zn,_ x om^OWW: 

^ 0^»). nI?7 7Ki. SttJi&tfpM?5'y K 

commzxnm s nfc^jewas l . 

pS^77KI* 5 plM gl Zn, _ x O (/t/iL. 0 

<xs i ) mfrhtch ^mwmm^tm^ t . 
m&&i'm.mtm=f-fr $> comtmmiz&vx-asmfcz 

[0016] ^^^Sfc Ltti. abt?^ 

s. 
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[0017] Uj&»L***4>, *«HH^Tra3t«3(aiS(c 

cot, X3Dy*;Pt? 'J-^^rfKKSB^SeH-C* 
[00 18] 

mfrJB^TKHJI-*-*. III!, ^SMBtfliiJBst*^ 

KS3 4. vS14Ji3 3at^pi?5 K/^^McOJfJf 

7<y KJI2#pl>Mg x Zn, - x OJI ( 0<xS 1 : 
WT. pSMgZnO/f 2iB£|£t-&^#fc&) b L 
TJEJBESftTV^. SpMM«ZnOJ12fc:ti, pIH 
-^N'^htLT. 09i.tfN, Ga, A 1 „ I n, L i CO 

A-'JTigS«±Sr^jlO 1 X 1 0 1 6f/c m 3~8X 

1018 {1/c m3 N flj^fcf 1017 {||/ c m 3 -~ 1 0 

1 s/ cm 3 mgze>8mx-mmzti& . 

[OO19]02(1 MgZnOC0i£ f P B fi}££*rf t>cO 

TfcO, 03£jjrf J:?^ plMgZnO!2lici 
jWWKfrtllciG d i 3 tM?tiJ . B«M tfVaWO* 
LT2S?L*&-f4i:i8**:*fc$r l 5. na*t>J7?ft 

«StT.t-ri.t, nSdf-rUT^'ttJDLTpM^mttSr 
iK£3:<&&„ -e-ir. pSMgZnOJi*»riW4|R' 

h. 

[00 2 0]Rt:KB^tfcaO, plMgZnO!2li 
MOVPEjaciO^Sili. MOVPES^MI 

0 t o r rUUbiDSHSvE^TfcTfi^ 3 £ t fc J; 0 , 

H4 tc^-r j: o k . igi^ * y<ostiK*wj ? *u mm 

Xm<V'J?%^&18-%p3M g Z nO!2 **f#£>;h..g> . 
[0021] pSMgZnOl2lii^ify^ 

x 005 ( a ) t^-r i 3 tzsmamt lxb 
f&ztiT^&zt wimmvb h a*, c utowusr* fat 

lHr*i LfcflBfttffc L>ti&cTiX'htitf, 05 (b) tc^cf 



[0022] 014CMO. «14®3 3«±. B*3*L4B 

4 0 0 — 5 7 0 nmt3T5Bfe^Iig^NVH=¥> 
;Udf*-Eg (3. 10 — 2. 18eV^JK) SrWf&i 

1450-500 n mfcTSBtBTflBarAy H =5f A> v7I 
W-Eg (2. 7 6 — 2. 4 8eV^JK) *^T4 

}SS2 8 0—4 0 0 n mOtCT^3t"BJIE^N' V H^f-V y 
n*K-Eg (4. 4 3 — 3. lOeVgl) 

[0023] vStt«3 3«, CTitf. p!Mg K Zn 

i _ x om2bcomi,z^^yuco^yv^^ >1- v7Z 
MtSfiftti 0 »JiW4 £ fc 6 . i CO J; d 

(i07(C^-f^7t^l 0 OcOJ: otC. InGaNJf 
(OT, I nGaNSftlfcl^ ) 3 fc-f& i 
I. rftftmtpgiMgn Zn, _ , OMbCO 

mzfjyiicoJOF^j >i~-yy&Bf&Zti&i b 

ii. mSiZTjk-tX ate, p175 -y F® ( pIMg z Z 
n ! _ x Oil 2 ) <VimfamRX/mm^±.*mcr>&3i* 

;^-K;yEcp, Evpi. m&Mnmmfris&v 

mVF%±.tft(?>&3L*;l>3?— WEc i , Ev i £<0 
d : 

Eci>Ecp ■■■•(1) 
E v i >E vp (2) 

[0024] mamzt5\^xi±. sttiwpiy?^ 
vm^com^ (nm*vVT) comt&mzmLximiz 

( ps^f-r ur) commmz^xnimmm^^'ry 

H«r&*«i8Ji6$ii, m^mtmmzmmthz-btfx'i* 

6. ^tJ. I nNcy)?I B B a it$rafc LT I n„ Ga, _ „ 
Kb&Ltzb*. *fe^T«3t^Bt5:ffla«^{i0. 34 
g«S0. 4 7k-^40*«J:<, Sii1*5ft3fc£ffld*£ 
liOSaSO. 1 9fc-f |,<0WV\ 
[0025] nI?7 7KitLtli Stt 

T li , « i (±'0 6 fc*T«3t3R^ 1 $> & V ^t±0 7 tC^-t 
WXM^Fl 0 0<7)j:3t, nfA 1 GaN ( A 1 fl Ga 
! - « N) Ji4fc-T4i4:36«T"**. r n Siy9>yb'« 
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l/fffitt^i^^x^df-K^Ec i , Ev i 
k, nl?5-y ( nlA 1 GaNf4 ) (0<^M 
Xtfffi*^JJB<0#x*/U¥-U AI W'E c n , E v n 
k comiz&cvX o ttAM&ifi&SL LT ^ 4 Sf^flBSS- 
: 

Ec i <Ec n (3) 

E v i > E v n (4) 

[0026] ZtiizX"). nM^yy Ka*^vgttS^ 

o«^oa^tc«LTJtiR«i«v^was±t.* k fc t 
[0 0 27] H8<o«fiafc:*nv£\ Wfrtpi;? 

(t4x*/l^'-|i£Mi«$ ( E v i - E v P ) <i~ 
6Zkt,z£*)mtbt?ix&. *e>-fc.Mz\±^ pI?5yH 

S£ffj£-f4pSMg x Zn, _ x Oil2«MgO?g H B B 

J£tf>4>*l.4. WitfSttJi*' I nGaNl3ttl.t 
^ MftJtxti. %3t^>f^-HT'(i0. 0 5-0. 2 

wsl . !f-*aftrt± o . 1 ~ o . 4 sjs k -r 

40**^. 

[0028]-*, fE^Sfi^tt®*^ vW.9 y -y H 

ih&ti&tzii, pi;?? \ s mizffiAt&mz&&'« 

$>< nVf-tfJEfl k Sfe&t 4 Zktfi&mX'hZ. *<n 
tzMzlt. vSttJf CDJ?$ t £-j£KLL 3 0 nm 

JiJUh) >,Z±Z<-f&Zk t^%X'h 4 . 08 (b) ^ 
■f i d tc. vSttSco©^ t *«/h$-rrs k » pI^5 7 

Ym^zw^-ihLxmt^H- L%<%hm=f-t>m±L, 

if $ t fc^JSJifc:** SSttHrtTO* 
-v 'J T ®&<7){&T Srffl < <T>X , 3Bfc$»#ifl -5 T AFPf 
4 Cl k cot*. if 2 mHTOItt 4 . 

[0029] ifc. 08CtiV^ll InGaNM14S 
£ffl^%£<59J: dfc. Ecp>Evit^TV^; 
k . o £ 9 P 7 -y K« k *3tt« k OH-C^jhflf*** 
-A- 7 y 7* LT V ^ I, £ k W . fite-SHB "C<0#*BtiS*S 

[0 0 3 0] H 1 (SgrfJ: 3 tt, piMg, Zn 

i _ x Ol2c7)vS14Ji ( I nGaNI) 3K&LT^4 

4#»S3 5tCfc OH-J^fcj^-C**. MgZnOli* 



ttflM**4<0t\ plMg x Zn, _ x 

b&±-$- 4 ix^hxmmxb 4 . 

[003 1 ] pSMg x Zn, _ x Oetd. H3fcwr*- 

*>%mmk&m4 Jtvxmmk tmrnu^iz^mzm 

ScoSffi® (OT ^a^VftJUffik^-)) k£ot 

x. Ttcftf&mizx&fcfczgLt^-twiz. zcommj 
* yytmm^mmmmxh 4 . 

[0032] fflz.lt miiZ^-tXdiZ. vSttJ13 3 t 

tTH3£f:*<*3»fc*4. £«0*&. &IIJ13 5U;B? 
^^^flfctplMg, Zn,. s oa2ktgM 
ffcfr. vS14S3 3fccy)«MllSrB?5g-f^- 

if 3 5 &^B&-t4 £ k fcTSTflBT* 4**, «a« 3 5 £f£ 

[0033] me^^m^ 1 £.t$wx\±. vmmizm 
mmmmm 1 2 1 § n-c v vg, . »n^n»r^JB 1 2 -r 

^^*>»»tf0SBJ=5r»MS5:t6{t4£k{d. P iMg x 
Zn,., 0«2«8*3BRaJUBi:'r4«^fe:. ^<^t 
KtUL^corS]±lcS : ^4 0 £W«^. ^h^««« 
if 1 2 *^ffl«ffl«*®^«ffl-r4 £ k^nrtgT'* 
4. <lcoJ:dfr4k. ^«*fiS2rig(t4«-^hS=Sr 
•3 , «£ e SjA S*4 Z k ifiX- * 4 <7)X\ «® 

■T4£W^<?jrO. 3tlXiilL^2riST$*4£k^ 
< *«&c7)*ffi»-rt:£ 0 4 £ k * 4 . sk » tt8Si£flk 
«<^»jaespfc^Rfc*4^)T» ^<-0f3W&tt£H4£k 
4 . 

[0034] @HB#*W4« 1 2 (ORftHftflHJ: LT 
l±. I n 2 0 3 : Sn (XXH-TUft^ : I 

TOk®^$iX4) J ?>Sn0 2 : Sb (TmVF- 
TmtXX : (Nesa) fcjUfcSft.*) SrifStCffiffl 
-T4 £ k 4 . I TO(43OTrttKtth.» 
E^<S«lctS : -^T'#4. fltofiu ^(±, ^mttJilT 
O J: 0 C^^^^i 1 5^0=5rfiJj#.* J ?)4„ W» 

tt**Kv^<o-c, mmnxiwmi 2£&&Ltimz, m 

&0>mLLWiM8& k % 4 *&«r k*ir:i> t %T t, ^T'S) 
4 . I TOllix/\-7 ^ U y^$> 4 WiJtaaMffc: J: 0 
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[0035106 Hi. «t 0 MftmizimT 

fe B B H T;US^-) g«l 0±tcGaN^A,^r^^'-y7rS 
1 l*^j£,£il.. ^(7)±tnM^5-yHJli:LTOnM 
A 1 GaN14. vStt/lt LTCOI nGaNJf (JUT 
I nGaNvSttStV^ ) 3 , SVpI? 7 -y FS t L 
t<0p!MgZnO12R iO)imwT^b°^^r A-)U 

^jSSftT^S. ifc. p!MgZnOI2«»' 

^ut* i Tofrt>%z>mwmwttmm 1 2 cts^i, 

— nlA 1 G a N14 t I n G a N^ttl 3 (i- 
mm^Ztl. SSHiL^nMA 1 GaNl4(7)«tt 
3tfBfcZtlX^&. L*C. ^H^««f4« 

1 2{ffl£rIEi: LT^M*® 1 3 h ^HT-jim-?- § ^tt 

£>Bxoaj£*u>. tea. &mw,mi 3 (^^v^f^cT) 

^JSSMS2 2j>£V->t££gttfiE2 1)11 Au, N 
i. T ifc&^«Bem«X(±2«m±£^fr-f 

[00 36] ftf". iTWMlfl 0 OtCtJV-iTti, 

«ae* s Pffi^%^#^ii2 0fc§nTv^„ put 
-^*^i*s 2 0 (i«»a£Sr® tcMffl-r & z t tfx- § 
& „ z <r>^&. m p mfcHrVn^mftm 2 0 i 0 1 /him 
«o^]R«;g2 1 zmi&t&ztizj- 0. -?-^h*^<^ 
^jRait^^rtgt L^mmm2 i*^^m»s^ p®m 

g Z n OS 2 ^M^t£ii$ -fri Z t X'^MiH LWm* 

?m-f&ztj)™jmt%&. zcr>i%&. ^mit^^m 

x^hzttf'Smx'hh. ^mmmmxu. psutsm 
¥m&m 2oi±piAiGa Nmxh 0 . -e«_B^m 

2 1 tf&f&Z tlX^Z. {tXD&ftim 6 cowt^ 

Lxmm%mmtm!%-fz>* pm^m^mftm 

2 0*>+^^tt2r^TLTV^«^. AMmffi2 15: 

[0037] mi^mm^ i tc-^-c s znm&iim 

CD-m*m9\ l z£r)mW-fh. 09 (a) iztjki- 

xoiz, y-yrj rmm 1 0 <r>— ^±mmzG a n a 

•yyrmi 1 fcJBJftU iR^tnlA 1 GaNf ( ni 
?77K) B4 Sr^J^.tfSl?5 0 nmCT, $Mcln 
GaN (y>-H-7') vStti!3 5:SJl^ii.{f 30 nmtZ 

C9MO V P Ei£$> § V ^fiM B EmzXft* oZt #*T"# 

^ mmTcmfcttn t comIj * mw t •? & mbe 

J®£GI]ftit~&MOMBE (Metal Organic Molecular 
Beam Epitaxy) % &m7Cmf£ftn£W\fot Lft&M5&& 



Axb"?^ >- ( C BE (Chemical Beam Epitaxy) ) £ 
«fc&fc LXiStt. 

[00 38] <XIZ^ 09 (b) iZ^-tXdlZ^ pSMg 
ZnOI(pI?77HI) 2 SrtfiRtfSlS 1 0 0 nm 

[0039] pIMgZnOI2JMOVPESKf 

fc#T#£ : 

■ igfgiH: N0 2 =5ri: ; 

•Zn|:^ ^-/USIS ( D M Z n ) ^'X-^ffifg 
(DEZn ) ; 

■ Mgig: t'X^^C<.>'^i/X^;lx-7^v"7A (C 
p 2 Mg) ^rif. 

[0040] pffir-'-^N-yhagiiLTJi^J;^ 

• L i ii : y^V/W^f-^Uf-^ASri: ; 

• S i»: ^7>-7>'^t*<7)^ , j3>'7l<*'ft*S!l=5ri:' ; 

t') : 

[0041 ] i^. A 1 . GaS.t/1 n^lfX(i2I 

xmmzit&zkwx'Zt. jsmtLxaaT^xoKt 

l>cr>*mmX'%h ; 

■All; hy^f/l-r^S-^AdMAl) hV 
xf-ylxT^S^^A ( TEA 1 ) Jfirif ; 

■Gag; h'JXfMy)A(TMGa) h'jlf 
/^U^A (TEGa)^'; 

■ InS; h'J^f/H>-yW(TMIn) h'Jl 
^My^'^A (TE I n) £■£*. 
pSV-A'i/htU^lTC* (Ga) tktCN^ 
ffl$ixS«-gr. pMMgZnO®<0^ffl«*Srtf=Srdlg 
t Ni®fc^r^^#$r Ga^t=5rSqfffi|^fci:t>(C« 

[0042] MOVPEStJ:6paMgZnO12(0 

jjwa«««i» *Koies§ii^^i*i^M^(f 3 o o 

- 7 0 0 °C tc#S L, ZZ (chEOJKSSr SRfMjOBKT 

[ 0 0 4 3 ] 0 3 2 (Cijrrwru;, AASS 1 1 5 
35^(91 1 5 alzEXSn^Kl 1 Oco±^ffi 1 1 1 
pfMg x Zn, _ x OJ12^MOVPE^J: 
r )&f&Ztl&. SKI 1 0^09 (a) ^-fttJgtfDt 
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OT-^O. 1 1J409 (a) c7)vS14«3^ffi 

T'$>£. ^C7)«^-. figBSHl 1 5 atC*tU S?*i®# 

1 1 1 t-c^trndmrnm^^tan ii6a± 

9£<4£J:5£;^)££ix;^«&«ntftpi 17aJ: 

z t w. mmx.mcr>'j?tcK * ( ioi/cm3 

WT<7)) p!M Si Zn t _ x 0/§2£«l>_L'C*3!rC 
**. Mfcl > 1 5t«»-r4Bt*iR (VI 

«ftO2 0 0 0~3 0 0 0f£g*£*<-*-4 

*>, tt»II/VIJt*20 0 0~3 0 0 0fc:-r&) i:££> 

[ o o 4 4 ] 03 2<r>mmmx*i*. *r*z~r? 119c 

i*BK3 futeb-* H8ti 9*Ki l 0*<Jn^$tL4 
cfcdtc^oTV^. fiStft^l 1 5fc««§*i/£ 

1 1 6a«LT^S. j££@£gl 1 5rt(l 

3*A-rs^«A«^&E*l 170Wte*Saw«. plMg 
, Z n j _ x OJi 2 fcJOTW<&±*iif 1 1 1 0±7f£ 
flFfcttSU ^^(C^ttt&RaRttia 1 1 7 a« 
$ftT. £±3IB1 1 KcAttTRSffft 

[ 0 0 4 5 ] RlES«rt<0JEEft* 1 0 t o r r J2A 

£> § . £ ftfc J: 0 1*0««I $ ix KXXSt*>*f> 
4^&*?4paf*tt**UfcM g Z n OJi 

±ffico£E7Jl5Sg(;= X 0 N O 2 Olffiia*&»fcil6fff S £ 

[0046] mm%Ktnimftn^\,^3.tmmmmM 

mttoSkii&ibbtl&ifi. 7 6 0 t o r r ( 1M) gJ£ 

*"C^E*3"Ct3»*n-Hj-raF-es>s. wior. 7 60 
tor r&TX'btuf. Km®$sW&mxi±ffl± t 4 

ftS. ffcfr. 760torr^jSii^?;IffltM 

^Az£<9m%%mzmtb&KZZ°hZ> («i.Hf» 7 6 
OOtorr (lOME)SS) . 
[0047] LTpMMgZnOJl2$r^-r^{f 
3K«*l*JG3&»a»6IX , 5itiU 19 (c) KSfcti o 

jsvmmmm 1 2 s-^-rs . 1 romz&m-t 

£*)f&f£t&Zkim&?i>&. <£LT. H9(d)t 
Sti5t. plMgZnO!2iyi nGaNStti 



>)l&3cLT niA 1 G 

aNJi4*^ffis-fr. ^ z izM^mmmzx &mmm 1 
3 ^mm-hz tizj:*). meizTHi-zmm? 1 

■fS. 4*5. aa^SS^R^fc-fftfcftfc: IS 

( c ) <7>f£ 36R*^>f S'^u zn&yj isy?'$ 

*Ufcffl««03£«(;3tL (d) c0XS^'||Jg$^S. £ 
fc. ftfcaftfcsfirfciTteli. 31*18 y-KtSUOsK^x 

vvC&Ht) . jfc^ 07tc^^B£S^l 0 0C9*&itr 
MU pMMgZnOJf 2<0flL SiiCpSA 1 GaNl 
*MOVPEiS?tJ: OSlffilSSL. ^±ic£JWlffi 
2 1 £»jfc*-Sj£*|!fcivc«:. 09tH«OlS(:J: 0 

[004 8] <?:tr, pMMgZnOJ!2cD{SaJii4, 0 

1 1 t^rsHesit?- 1 o i <7i j; a c ^ss 2 2 1 -t s 

J: d ^-mtf. f6MyiW3&»4> pl?7 7 HJS2 Wfc|Sj*» 
■5M5*n^5-yKJi (nlAlGaNf) 4WKRSt 

m<nwm,zmmth z t ^mtmmt . 0 1 1 
fffcesff fa. ni?7 7 vm4tm.mm-f&Bx*z 
cr>mmt:®ftmzmo&mwm2 3**jgfS$<itv^. 

S. 06J>SV^407<7)^3t^l , lOOtS 

^7 r-f T*« 1 0tem&tiX^&. 
[0049]il0(j, ±§m^m^- 1 0 1 cDSBTBg 

77rll 1 fc. ajK/iaSi:* 4, 3, 2 fc 
mti ( a ) RTf ( b ) <5DXg(i. 09 fc |§| . 
fUHO (c)TU ITO«t»jW*«*>9l= 

a u jf & t* c^ERits 2 2 znzmmmiz ± o »«■ 

4, ttz, 010 ( d ) ^77^7^ 1 0cO|^4 
Srfir^o. WilfGaNA77ril l^fflV^fiTO 
t7T>T T*«l 0£7)SM{!l*^xdf^v^- 
■r-S-KJW-f 4 :kCJ:0GaN;^7Tlll 36*»» 
U t7r^ TS« 1 0 £(§5JiUctHJi§tl&*-r 4 ^ fc 
#4. 4*5. 11(c) ( d) klZAtl&tXh 

zlx 01 lt^tiac, t7T^7iti 
>ymzkmmLx+r?T4TmsL\ o^*^fif4 

[0050] 4*3, 012 t^-r^BKSI^ 9 9 J: 3 tc. 
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i!tS2 3hnSA 1 GaN»kOiaK:«8H£l«B2 
4 (mifnlAlGaNl) SrlfALTti^. i 
fc. HI 3tc^-r%3fe^9 8<7)J;dtc. 3 

[00 5 1 ] vSttS«\ plM g x Zn, _ x O 

®t ofSH^-f ritfDAv b^-fyf y°£Bf&-tz>* 

(±, Mi.(fMg y Zn, _ y Oil (JtrtfU 0^y< 

i, x> y ) tLT&m-&zttf-cz&. r&w§t 
piMg x zn, _ x omtcvmizf-i nw^K5 

'f W v 7"jWBj£$ft.£ j til il7 fcr^-TJ: 5 tc. 
PI^7^FI ( plMg x Zn,. x OS2) CDfgsS 
ffc£;Rt^m^lLL^#:n*;l^'-l/^E c p , E 
vpt. «tt/lOg^J&&U'fii*^ ; i : ±4igc0«-^^^ 
^-Ws/PEc i , Ev i t«:^J:^*/J« 

Eci<Ecp ••■•(5) 
Evi>Evp (6) 

[0052] mmmx-it. ms^-r^^yim^y 

• /HgSA^-S . L-T . m\tm k nMfyv YM k <F> 

mizm 8 k mmco ? a t\ w*y k v 4 >i- ? 7tm&L 

»Wi H 6 t^-Ti 3 * a l G a N £ t'Tt J; v 

n!Mg 2 Zn, - , OS (fcrtfU 0gz<l) £fg 
SfcKJMSfcSrteTOJitfM gZn O^^© 

i ntck~co^'j?&mzmm^&<m&%<%: r ) < k— 

[ 0 0 5 3 ] fcfc. $SttJi*>JI$ t tt. vSttSl*IT'-cOdf 
3 0~1 OOOnmC^ilfc-f !>„ 

[00 54] Mg y Zn, _ y Ofi^^Sffitti (W 
Ts Mg y Zn, _ y O^gttSfcV^ : fc7t'Ly = 0<7D 

;l^r-Eg£ife6&H^ Mx.it. 8 0 

MOO nm^^Rftftje^lTsSriHfrS^^iOgy^ 
0. 5cr>SmizX'MiR-tZ>. ifc. »fi£Six-S»#FI«M 
OJS5 $ U IBtr-f KT'ti 0 . 1 - 0 . 3 e Vg 

jk. ^mfais-^-xm-vn o . 25-0. 5 e v^jk 



k-TZCOtfX^. ZCOmii. p!Mg x Zn, _ x O 
l,Mg,Zn,. y OvSttJlS.r/nMMg z Zn 
, - , O<0«jfc. -T^r^x. y % ztf>Rffi<Da»?fc:J: 

Jf « M g (Dtttf&M k & i> . 

[00 55] HI 4{±±l£C03Bfc»^OAf*#JC0-o£ 
SE»**^ 1 0 2(C&lvct*. ni^ 
7 7KItU«nSMg I Zn,. 2 Oi54,Mg 
y Zn, _ y OvSttJl 5 3 . S(/pI?7 7 H*k LT 
(OplMg x Zn,., Ofl5 2* i M<7))limcTJ:h°^ 

LTSflPSrSMBliWr*. 4fc HI 5«0M*^1 
0 3 it HI 2<Of63t3R ; f 9 9(c$5Vvt3ftjfcJIfflI£JJB 

coyytw^T-vtmk wzmtfz h <oK«a-r* . § t 

(C s HI 6£OSBfc*^ 1 0 4lill 30^3t*T9 8<7) 
* JfcJEW^^I^vr o«3fifcTJt & Wit ti i> <T> 

[00 56] Mg y Zn, _ y OvStt®5 3fcn 

MMg z Z ni _ 2 0;i54i:£. nS^f-r U TigJS* 5 
H^r4<0*Tra-aj« (-f&*>^>y = z) kU Hi 7 

i>"TtgT*)S. ^T-v^^/Hita*^ pIM 

g x Zn, _„ Ol52tMg y Zn, _ y OvgeS5 
3 (z>y) t co^zco^-f^ iyyVJl-^ammk 

[ 0 0 5 7 ] H 1 8{ci 0 s iie^K-fL^S^Tt 

%m=?-i oA<D^^m\,zk-oxm^h, 4-r. hi 

8(a) fcSrJ-JrdlC. t7r^f7lSl OJbtGaN 
A77ril 1 Srxb°^^v-A-;1^JS;^L. S^T'nlM 
g z Zn, _ 2 OJ154 US&mUt 50nm) . Mg 
y Zn, _ y O^ttJf 5 3 3 0 nm) Rlf 

pSMg, Zn, _ x OS 5 2 (MWrntit 5 0nm) 

^zwrnxizTrnm-h (Mmm*mkz*tTi>i 

(i:H70|63t»-?l, 1 00t[SI«. MOVPESCT 

& . mo vp Emzm^&%fetemmi> mmx* 

fo&fiK nlMg, Zn, .,0154, Mg y Zn 
, - y OvStt®5 3&VpSMg x Zn, _ x Of5 2 

7rlll t«0R*5tt$-ffi*t. t&^S-a-tt5r»^-S.7t 

&'j?i&isbcr>i&m mm 3 00—40 o^ckt 

[00 58] dco^-, MJkltx. y% zoi^tj: 
9, aft(CMgj!iai/Znj!gt^^,*«^JlcO»fLtJt^ 
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y Zn, _ y 3Sl/pSMg x Zrij _ x O 

/■5 2£^j&-r&isjj. it«^»f£££jwj-r&*;#> 
mmi-hzttfrntLu. «ar. niM ?2 z ni _ , 

0*5 4O»jafc:liRLT{±l8«5catflS«k:*tS* 
TnSi:-r&*ffi*»fflT&4. Mg.Zn, . y Og 
ttS5 3S^plMg x Zn,., Ol5 2JMtl> 
9 t>91lftlEEfc*TH > * (Atf-Hf lOtorr* 

{J^JKflOII&fcVlBjfcOifc (ft&II/VIJt) 

[00 59] fllifcf s -mt LX . ifccoJ: 3 $ngj&«r 
I&-C&S. N0 2 . DEZnSt;Cp 2 Mg^ffl 

V*MOVPEfttj;i)< ff$5 0nm<7)nMMg z Z 
n,., OJf 54£ »H51E7J5 tor i"Cffl«*93 

OOtor ri:LTffiJS*53 0 0°C(;TMg y Zn, 
- y -Oj£ttJ|5 3&BAf-&. CTxtfy/wv/p 

iO. SJK300— 4 0 0XXTJI£5 0nmcDpSJM 
g x Z n, _ x OJg5-2£?Bj£-r&. 
[ 0 0 6 0 3 iO<k 3 fc LT$ft3WatoJgJfcMRT-*fc. 
J2'. 018 ( b ) tC^i-J; 3 (CpSM g x Zn, _ x O 

a 5 2 ±t«as t Lxo&mKmm 2 2 zm&v , 0 

18(c) tc^-T J: 5tt7r^ T36K 1 0 £M8t Lfc 
nIMg z Zn,. z 0«5 4HtC«IWIfcLT« 
3^*tffll2 5 (Mitf ITOJR) ZMWL-th. i 

f£. 018 ( d ) K^-r J: 3 fc. ^y^mtTM 

7 -y K/fi: nf?7 7 K«<DMtj#M gZnOfct 
M^ns^ft, WJIikiSttJfKSLSrVMffilS^aJI 
TS^t*^ U^fcv =5r&. 014tc^-r% 
Tfe*^ 1 0 2 J: 3fc. -9-7 r 4" T^S:i:<?)J&KS1K 

[0061] JjLhKH^L^STIi #152-545: 
MgZ nO^JS&JgJ; UMOVPEStJ: 

e f^is+Mitijtz-itimz Lx^titiK m g z n om 
t>%&ffl£J8m&. 05(b) tc^-Tct^^. m 

»tt^*1-i t * COX' . $tiJHE«PK B2 7fc 
1 0 5<7)J: at, #5XSS9±t#15 
2 — 5 4&(£ 1 RS-fr4ii:t,-C#4 ( £ 
Ji. #5X^9«±(C»V*nffiZnO/-'W:7TJi8JB 
j£LT*>£> 5 2~5 4 

TVv&) . fjaRif. 02 8 (a) ^-Tidt. 



b'n&igmfm&skijmzm^&ztizj:'). nsz n 

OA' 7 7rl8, ^SgPS:=3r-r#S5 2~5 4SrffM 

tbyj^yr^z. 028 (b) icast-ia 

fc. nlMg 2 Zn, _ , OJB5 4C0-tt£»itJ3-frT 

Office: kifiX'^h. #J1 5 2 — 5 4 2:. cWffi 

fa«k LXBf&i- burnt LT«i flfeC V;wy;WftS: 

[0062]^, £UMLfc3QeB«Ttt. f&3fcJB 
gPSrSrJ-pSMg, Zn t _ x OJf. JSftJf&tfnS!? 
9 -y KS2" . *«Lh^«iJSIJ10«-rS^T!gii LTV> 

»*iafc-r4^fct^rsg-c*4. OTijf, piM g x 

Z n t - x O®. vStt®S.t/nS27 7>y KS^WiiWit 
* . Stti^W:t 2~o\,zm\ Lfz i> coteffl Si" 4 * 

-?-irfeB-g|5^-i:^Zl^i:S:i:vHc:3S>3^*S. 0 
1 9tc *<o^*eWr09*^tTv^. 019 (a) iz 

^-rxoiz, m-m#ppnpmMg x z ni _ x 

aNA' 7 7rIl lHUplMg, Zn, _ x OJW 

2Srxf^=3f^;WS;^$-ti-C^S. ffi* f&~SfcfrS 
PJ4SStt« 5 3 t nI7 7 -y HJf 5 4 fc^«Ji#:£# 
tr. t7r^7««l 0±tcGaNyN'-y7rill 1^ 
UnlMg, Zn, _ 2 OiI54i:Mg y Zn 1 _ y 

^^-g|5^PPt^~95^-SPt 01 9 (b)t^ 

-TJ:a(3. Mg y Zri! _ y OvS14Jl5 3fcpSMg x 

Zn,. x OS2 tcoraT'fiia^-fr, 

itf3 0 0~5 0 0-CSJg ) T«Ii-!» ittJ: 0. 

ftSO^-BrS-fl^a. 

[oo63]ot xmicoftm^coi&mMiz-o^x 

vSttW^N'V H^f-v >y rojfflwtc i 0. 02 0 ( a ) £ 

^•rj; a K^raMaBBiH t 2 o o t-tii t tr§ ^ 

L. H0 ( b ) ic^-T J: a *^MS«3iaR^ 2 0 1 1 
i--5C:ttT*§=S. I2 0W1 vStt^20 3, 20 
3' fcrCf&feUyfc*, nI?7 7KI2 0 4ffl{« 

1202 «t»J«S*LfeaH^»«tmJi 2 5 flg*> 0 

mrnt^-h^^mzm^ixh^TittcK. 06. 
07. 01 1. 01 2. 02 7^. m«<nwmfflffcT 
ifb^xIktiVia^Tt^V^ 
[0064] nr^3t^3K^2 00k Lx®.m^hw& 
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mm?} ix> 3 V) ^ v 3r 7 7 A & v ^(4 7 ;P 

*mi56M9B ; F2 0 1 b LTttfltt-*«£fc**>. 

JK<^S*JB63t*n>rig4: 3: ft Z b XHmBSm&tma. 
Mlz m± 3 ■£* - fc **T & 4 * . * fz . *«HH 

OJUesifTlil'- If-ftiSk LTffiffl-r ft C k ti«T 

tt&mhzbt^mbKh. 

[0 0 66] £fc s 02 lte^iofc:. pI?7 7K 
1202, v£1&f 203' ai^nl?7 7h'l2 0 4* { 
iO«|^tcTfllJl$il7t«5tW^yi^2 OlmJft 
S¥*ttSl^lttffe3l9tfF£«#*2 1 0 b&*&*>1t& 
ZbX &LW4 7<n^W&£lt$iW*m%tZ>Zb 

T (Cathode Ray Tube) ^t^WfctePI tT*&4#. 

mm&mt tx^ftftftm^zmmi-zmzmfew 

»j vmizxm^tz. ot, znsLm^mmmiz-o 

^xzt>izmL<wm-? ft. 

[0067] s-r , @2 21'^t-i 0 ^mwmtm 

«3tt*^ (OT. #fc$fcl£*?fc i>^3 ) 2 0 1 frh<7) 
mmUi. **2 0 9±£»j£$*lfc«#flsJi2 1 OtC 

209 cvmmzm tx& btzsmtb z 1 * { t-# . 

Aft. W*fcT. 02 2<O?l3fcilg2 5 0T(4. «ft20 

9av«3tfwi2 1 orf\vftii>¥-mtmzm&tztix\,-> 
ft. ztun. q^-muz*.% h. man. 
1*209 zmmmzB®. l , ^ci^wi 2102- 

fctf>. 02 4tcijr*\k 5 (cffijIS (MiHTflES t d#l 
0mmJaT*4^ti5mmJaTOid=art><0 ; ^tcj: 

■ota 1 mmnm&X'Bwit-t&z t t «resr*4 > t 

7t»JS<50?Bt^S 2 5 1 5rH31-r 4 £ b iP*imX'fo 4 . 
4fc, JffiftKJSfcT. 02 5(CSVr<k3(;:. Mtt<7)S 
#2 1 Q%m^i>Zbi>X'%&. 
[0 0 68] 02 2, a2 4at^H2 5fc*t-jtet»B 
2 5 0. 2 5 1 RIX2 5 2(4, ffl*0»j£B*li»*W> 



t=ft s . 022 om&im. 250 T<«?tT8fflt 

f20i 0 , *tl&r*«36*Mi 2 1 0 

£fB££-ti:4J:d(;:L-C^ft. ^coiaftftdkT. 
KBOSBKiBWSSSK^MfcTat SipJjft^Jbft . 
7£g£«2 5 0(4. «ifcO%ftf|?^2 1 OfcJ: 0. *Tf&t 
ft^3t*il^[B]l^%7t$-ttftBgB^gi: LTfit)££ixT 

v>4. 

[0069] &i>. ^^S2 1 0(4. «SSt^5Bte*^ 
2 1 0(C*tfE-rsaJ7i-2 1 0 a#. «^TfS](CjS^r>T- 
«cfc»J«S*l.T ^ft#\ CIO J: 3 (c-ffKf^Ttf*:®^ 
2 10a Sr#-C7)^£*JB 2 1 0 b LX— iSB&X'Z ft 

coxw&tf®%x'$>z . zn^. mmmm%2 1 o 

a5:Mlf2 1 Ofc: J: <)mfrtl&®ttb%z.tzb 
^*-?2 l 0 b%HKikm%Hft2 1 0 a bcosmmmz 
i. 0. ^t^2 0 1 *^£7)^h^*^[-*-(c^* s oT^ 
**WiaWJ-2 1 0 acoJMBfcWUBU 
I»2 1 0aJ:*X>J£vMR«rr«**^tS-*ftii: 

fc^regT-**. m^x . 2 1 o bvttfm^ 2 0 

1 i:<5O80g^MS(cPS^-ftC:i:(;J;oT. KJStt-ftfl 
7^*^ 2 0 1, 2 0 1 ra(C^OP^^T# T V^T t> . 

{i^o^7t?g : f-2 01,2 0 ifrt>cr>mmt,zj:&my6 

Ml 1 O^tfflCIoTA^^V^-^^^t 
§*ft Z b tfX'* ft J: 0 (c=Srft . 
[0070] Mgi2 5 0 (Cfc WC14. »«s(4^BJS 

^2 0 9 b Lxffi&zti. m&mmm2 0 9 oA-M(cm 

^€2 1 0jWBj£3*VCV*4. i*ltR«ffl!lOffit;f| 

2 0 1 OTfeJDtai tB^ltq-Tft J; 3 tzWMZtl 
( i i Lxmm $ ixT V ^4 ) ^BJ*S 2 0 9 
*3>UT»3K*Ji2 1 0(C»ftfft^2 0 1 
«563KSIS^ ) *»<5><©SII^«36 < Bait««n4 J: 3 (c&oTO 
ft . C OffifKtc X 4 i: » ME 2 0 9 COSS flffl L 

2 1 ot£Wt')Mixmwi-&zt#x-% . mm^ziy 

Htbffifcom^tb sr0ftjbt— mwmfirx'b 

ft. 

[007 1] =5rJo. SB^«^2 0 9li*7X«^r 

wm=F 2 0 1 (4Sbb*s 2 0 9 ic» t . mna tmm 
zmtimmmmzj; 0 as •? fttfcsaw-4 c t *«-c# 

co»)e»a*K/r9^«ihfc:ia*$** i 1 1 °rtg-c-s> 

ft. ^rfc. li^Ol^*^ 20 1 , 2 0 Kcift^Tfrfc 
«2 1 OOi?rajl363t«W*SV^l^Lfc^i»^ti. 
CltfOj; 3 4SiSt:jllWfc&«]25* t 4 J: p . JS 

^H*«2 0 9O«$SriBSLT*J»tafJ:v^ i£(C 3%7fe 
Sf2 0 1 &®7t<*iI2 1 0tcifi^tt4«i:*^MlW)J!£ 
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[00 72] 02 203BKSIS2 5 0ti>WCU:, 3b£ 

m\mm2 1 net o«witv^5. aBj3£&2 

0 9<Of63iaR : F2 0 I«5llli^-X2 1 2t'Iot 
cD55'Jco;fr?£i: LTtis 02 3 (c«tf- X o C 3fc#ifcK2 

1 2^^LT3t^K i 9m-r±3^-r^.^i,^rtgT-$) 

ft, *35H9B!BT«, »12 1 0 1 2 

t<rtatz#mmm2 1 1 s-Kur^ft. 

t o o 7 3 ] a**, ftftfacommt Lxit. mmmm 

^tTffiffl£ftT^ft£»^3b^WfSk «itfAD"J 

A (3Ca 3 (P0 4 ) 2 •CaFCl/ 
Sb, Mn) 0*i.tfFi:C 1 , SbtMn 

<9*:h.^ix<594£t)«i-ft Clfcti Os «*<7>feiSJK<7) 
efe#£»ft ft. <RG 

B) ^3jftJBiWT<0«^Vv^ia^iHiti.Jf. 

<0:ibEtt£Ml£Tte3£fctftft#>\ itmmO:i>cr>bL 
X. «itfY 2 0 3 : Eu3 + (R : ^l>jfcK6 1 1 n 
m)„ CeMgAl, j O, 9 : T b 3 + ( G : 4>'0i£ 
S543nm) , BaMg 2 Al 1 6 0 2 7 :Eu2 + 

( B : fMMM4 5 2 n m ) ft . 

[00 74] »Ct, 02 6t^-*\t3t, «3fcfls»4# 
fbKSRi^O lfc*tJ&*-ftfctf> (2 1 OR, 2 10G, 
2 1 0B) *«Mlc4HiLTRW"CfcJ:lr*. 

irX<r>mm*mh±x'ZL*)mwcfoh. 
*P2 o l&mtmKximzmmzfflimmb lxh 
# 2 o i tnj&t&Qmmtns. < 2 0 
1/210R, 201/210G, 201/210B) 

£St^#fti:LT, i^IDP ( jgBJISgg 2 0 9 0«B 
tT^j£5*T.T^ft ) t=»oTin*aiRiEML-C*J 
<„ 02 6 (b) U\ ^^-a^tfO^Sr^tTfc 1 ), 
RGB (ttitytfcJS 2 1 0 R , 2 10G, 210B*i, R 
-fe*> t OtfBBf L^v^a (cEBS tlX \y ft . •£ L 

x. ^r^.mtLcr>m±wm2 1 or, 2 1 og, 210 

m£rs*'ttoc\ttfX'%&> 
[0075] i^t^^glWi, 

ist LX7 4 ?*yh*?nfah&wm=m*imi,% 

STfc*fc*>;W?9>f HSWST&ft. $4>t, ffi 



• £I«fcftS3&JfcBg|S (016^) £fflv*ft«j«Tti. 

m g z n o tmsfrrw v im^xnsmzmmx'% ft 

* L/iW»«so'T -f xrn zmmzmmxz & . * 
3brafr£fflvw\ 120(a) tcjj^nra3te»3K« 

^2 00Sria^M«i: Uffl^iLEDf-fXrM* 

ffi®.-t&zti>*imxh&tK £mmm&tm®<r>®. 

miz J: 0 , &*<o co t 9 1 (ift *Hc/jNMT-«mSc7) 

[0076] jajjjwi u/sB«BHsia&v«^siaa % « 
ffl-r-&^t* i f2o 1 ^aMHa*t>*«>T » 

2 9«9S!«jSfM2 6 0£»j£Ufcfc<DT\ T^U 

/URsptfaagns 7 4 (ommmizmm^m 1 0 £je$j& t , 

**>±fc. @2 7{:^)tf^l05 (#^XS1g9 

«:fflv^t,c7) : m&t}mim2 8zm^x-tx'izmwL 

tz) «ftfiB£*M*fflvvcM9ftW"C*ft (JfctH 

V>) . ^-Lts «-ff 10 5«0**1 3Rtf2 2t*f 
U 9BEIR7 1. 7 2tl«f 13a, 2 2a5I 
j*LfciM**Sfc£;btf't 7 3ti 0^ 

-/Uh'LTV^ (**MggJBf«. ffilSW^t-^Hffl 

<7)*r-xi 3a>~ mzmmztvx^z) . zlx. / r- 

X 7 3 (cli . fflflSE^ 7 1,72 <7)*^2rK 0 ttS^T' 
[0077] m^7 6 i: LtJiiSSlKaSSrfflV^* 

[oo78]4fc. yr^f« p^tsts 

&m%mmm.ffiWHzi±mmuz < v ^mmt-h^tz (& 

JWB«0!HBB§8B2 6 0 |c iWf . JfetSIH 5 - 1 0 5^fit 

[0079] act, 03 0«, «7^M2 0 9±t» 
ftgg^f 1 0 6<?M%m%&53, 54, 5 2£AJt3-&& 

^ -rvrnwat 2 6 1 §r^-r t, <ot& ft . 

2 o 9^Bt^^Ji2 1 omsm*mmm2 1 1 * 

«1-ft®T% I TO#coaB^m»^*^ : 5rft«ffiS2 
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2 0<7vn°?->£, yxbvvfyy < -mzm^TB 

2 1 Z-ft LZ£WtfmW<?)?£%m& 5 4, 53, 5 2 Sr 

fm.m& t . &v i-c* «mi 220 <o— a»*«asf s J; 

7 1.72 SRtth.tr . MHISK2 6 2 . 
[ 0 0 8 0 ] 03 1 (i, **g*2 6 2 <0*tfi!c#iJ£Srf 

-TSRGB«0^5t#:Ji2 1 OR, 2 10G, 210Btf 
JB*£*U j§hJ!SS/I2 1 1 tJ: 9»biVO^. ffe 

10R, 2 10G. 2 10Bt:WJEf|,fffl(:, i3 0 
6 1 1 0 6tfB&L2tiX 

V^S (I33 0^tf0*3i^t|5l-<7)^$-#4-LTV> 

4> . fflBiJ«B«MWi^fc:J: OeiWEI 

B7 5fc:J:')iMM«l$;h..&. *HM9EJJBT{i. r<f§ 
*S:«tLr. h9^^7 5 afcj 1 

mmm^mm?mtz j £z>®&i±. *Mtf 10 

£8ffi£bT;fcW£«}:vv 

[01 ] #S^tf>»MaFPtf>«&0. 
[|2]MgZn OW|&&»it£jRt#5$H. 

[03] MgZnomn&MJ *ykW&M*yte& 

[04] MgZnOflte»fi6^SIRfc£i*4BSIM«tt 

(i5]Mgzn o ji c weah^im 
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